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OPTICAL SCANNER AND IMAGE FORMING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an optical scan-
ner and an image forming apparatus, and more particularly to
an optical scanner that can be preferably used as a writing
system for a digital copier, a laser printer, a laser plotter and a
facsimile, and an 1mage forming apparatus that can be pret-
erably used as a multi-color 1mage forming apparatus for
forming a color image by superposing color toner images.

2. Description of the Related Art

In an 1mage forming apparatus for forming an image in
accordance with Carlson process, a latent 1mage forming
process, a developing process and a transferring process are
conducted 1n response to rotation of a photoconductor drum.
I1 the photoconductor drum has an eccentric rotational axis or
a drive motor for rotating the photoconductor drum has speed
variations, the latent image forming process through the
transierring process cannot be completed at a uniform time.
As a result, a pitch wrregularity, that 1s, an wrregularity of
intervals (scanning pitches) between individual optically-
written line 1mages, arises 1n the sub-scanning direction of a
transterred 1image, resulting in a density irregularity.

In atandem type color image forming apparatus, a plurality
of photoconductor drums are arranged along the shift direc-
tion of a transferred member. The tandem type color 1image
forming apparatus forms a multi-color 1mage or a full-color
image by transierring and superposing different color images
formed on the photoconductor drums on the transferred mem-
ber sequentially. If the pitch 1rregularity 1s caused in the
tandem type color image forming apparatus, there 1s a risk
that the individual superposed toner color images may be
misaligned to each other. In this case, a color displacement or
a color change 1s generated 1n the formed multi-color image
or the formed full-color image, resulting in degradation of
image quality.

In addition, a pitch irregularity arises in the transierring
part because of variations of shift speeds of a transfer belt as
a transterred member and a carrier belt to carry transferred
paper. As a result, the density 1rregularity, the color displace-
ment and the color change are caused. This pitch irregularity
1s caused by eccentricity and rotational speed varniations of
drive motors for rotating the transier belt and the carrier belt.

In order to overcome problems such as the density irregu-
larity, the color displacement and the color change, therefore,
it 15 necessary to eliminate rotational speed variations of a
drive motor for driving a photoconductor drum and overcome
eccentricity and rotational speed variations of a drive motor
for driving the transier belt or the carrier belt. However, it 1s
impossible to totally eliminate criteria of stable machining
and load changes of transmission systems. As a result, it 1s
impossible to totally eliminate the above-mentioned eccen-
tricity and the rotational speed vanations.

In the tandem type color image forming apparatus, 1f opti-
cal scanners fail to uniformly align resist positions of indi-
vidual color latent 1mages on the corresponding photbcon-
ductor drums with high accuracy, there 1s a risk that the
produced color 1mage may include color displacement and
color change. Additionally, when the optical scanners write
latent 1mages by individual scanning lines, there 1s another
risk that the scanning lines may have different slopes from
cach other. Furthermore, 1f the scanning lines are curved 1n
degrees different from each other, the color displacement and
the color change appears similarly.
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Japanese Laid-Open Patent Application No. 08-014731
discloses a method for eliminating influences due to a rota-
tional 1irregularity of a photoconductor drum. In this disclosed
method, a time period from latent image forming process to
the transierring process 1s set as an integral multiple of the
period of the rotational irregularity. As a result, since the
phase of a periodically varying position difference at time of
the latent 1image formation coincides with the phase of a
periodically varying position difference at time of the trans-
fer, 1t 1s possible to cancel the influences.

Japanese Laid-Open Patent Application No. 10-197810
discloses a method for dynamically controlling an optical
scanner. In this disclosed method, periodical emergence of
the pitch irregularity 1s focused. When the pitch irregularity 1s
detected, a correction mirror 1s shifted corresponding to rota-
tion of a photoconductor drum.

The pitch irregularity appears 1n an 1mage as syntheses of
low frequency factors and high frequency factors wherein the
low frequency factors result from rotational irregularities of
drive motors for a photoconductor drum, a transfer belt and a
carrier belt and, on the other hand, the high frequency factors
result from engagement of gears of transmission systems. As
an 1mage 1s required to have higher image quality, more
accurate gears are used for the transmission systems and there
1s a stronger tendency that the photoconductor drum and the
transter belt are directly driven by the drive motors so that
malfunctions between the transmission systems cannot atiect
image degradation. Also, by increasing the inertial force by
means of a flywheel, the high frequency factors can be
reduced.

However, 1t 1s impossible to prevent the influences exerted
by the low frequency factors due to the load variations and
others that are involved in the eccentricity and assembly
differences 1n association with fabrication precision of parts
thereolf. Therelfore, 1t 1s more 1mportant to suppress the low
frequency factors.

Especially 1n the tandem type color image forming appa-
ratus, the pitch wrregularity period with respect to the sub-
scanning direction, which results from variations of transfer-
ring timings of toner images, has a different phase or a
different amplitude for each 1mage. According to the above-
mentioned methods, therefore, 1t 1s impossible to arrange dot
positions of the individual 1images with high accuracy.

In order to adapt resist positions of individual latent
images, a difference between the resist positions 1s detected
through 1mages recorded on a transierred member. Addition-
ally, the resist positions with respect to the sub-scanning
direction are aligned by adjusting writing timings.

On the other hand, there are some correction methods for
correcting the curvature and gradient of a scanning line. Japa-
nese Patent No. 3049606 discloses a correction method for
correcting the curvature and gradient of a scanning line by
curving a reflection mirror disposed 1n an optical path and
inclining the reflection mirror of a surtace parallel to a trans-
fer surface. Japanese Laid-Open Patent Application No.
11-064758 discloses a correction method by changing
heights of the optical axes of a part of lenses constituting an
image forming optical system. Japanese Laid-Open Patent
Application No. 10-2682177 discloses a correction method by
forcing the body of a lens to be curved. Japanese Laid-Open
Patent Application No. 11-133765 discloses a correction
method for rotating a part of lenses constituting an 1mage
forming optical system in the directions of the optical axes of
the lenses.

In recent years, a resin-molded lens has been used as an
image forming part of an optical scanner. Such a lens has
some advantages in that, for example, a resin-molded lens can
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be shaped to have complicated surface shape at a reasonable
cost. In contrast, the lens has disadvantages 1n that even 1f the
curvature and gradient of a scanming line 1s 1nitially adjusted,
harmiul curvature and gradient may arise because of defor-
mation of the lens body due to temperature variations of the
environment.

In particular, when a resin-molded lens 1s disposed away
from a detlecting part, the stifiness of the resin-molded lens
tends to be small because the lens 1s longer with respect to the
main scanning direction. As conventional methods, 1f one
surface of the lens with respect to the sub-scanning direction
1s 1n contact with something to maintain the orientation
thereot, there 1s a risk that the lens body may be deformed
because the lens 1s retained 1n a condition where stress such as
a warp and a torsion 1s imposed on the lens.

If the curvature of a scanning line 1s attempted to be cor-
rected by forcibly curving a resin-molded lens 1n accordance
to Japanese Laid-Open Patent Application No. 10-268217,
there 1s a risk that the surface shape of the lens 1s deformed by
stress concentration. If an optical beam 1s deflected toward the
refractive index of interior of a lens whose distribution 1s
centered at the optical axis thereol with respect to the sub-
scanning direction 1n accordance with Japanese Laid-Open
Patent Application No. 11-064738, there 1s a risk that the
diameter of a beam spot 1s not uniform on a photoconductor
drum.

Additionally, a base member for retaining a resin-molded
lens has thermal conductivity different from the outer atmo-
sphere, resulting 1n a temperature difference between the lens
surface 1n contact with the base member and the opposite lens
surface exposed to the outer atmosphere. As a result, there 1s
a problem that the lens body 1s deformed and curved over
time.

In addition, a resist difference 1s conventionally detected
based on a resist difference detection pattern recorded on a
transierred body and 1s adjusted with respect to the sub-
scanning direction by changing the writing timing as dis-
closed in Japanese Patents No. 3049606 and No. 3078830.

Japanese Laid-Open Patent Application No. 11-064769
discloses a method of correcting a scanning position by using
a galvanometer mirror, which 1s disposed between an 1llumi-
nant and an 1mage forming optical system, to incline the
optical axis of an optical beam 1n the sub-scanning direction.

Japanese Patent No. 2672313 discloses a method of cor-
recting a scanning position by parallel-shifting a folding mir-
ror.

When a multi-color image forming apparatus, in which a
plurality of 1image forming stations are disposed along the
carrying direction of a transierred member, forms a color
image by superposing individual simple color images, color
displacement or color change appears 1n the formed color
image 1f resist positions, where individual latent 1mages
tformed by the image forming stations are transterred, do not
accurately coincide with each other.

However, even 1f an optical scanner 1s imtially adjusted to
correct a difference between scanning positions, which can
cause a difference between resist positions, between indi-
vidual image forming stations, there 1s a risk that temperature
variations may deform the housing of the optical scanner and
cause variations of the refractive index of a scanning lens.
Therefore, 1t 1s 1mpossible to avoid variations of resist posi-
tions over time.

For this reason, although the above-mentioned difference
between resist positions 1s periodically detected and cor-
rected, 1t 1s 1mpossible to align the resist positions at the
writing head of an 1image uniformly. As a result, for example,
if the transferred member does not move at a constant speed.,
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a more significant color displacement and color change can
appear at the writing end of the image.

A difference between resist positions 1s conventionally
corrected by adjusting the writing timings of the individual
image forming stations. A synchronizing detection signal of
cach surface of a polygon mirror 1s used as triggers to deter-
mine the writing timings. For this reason, the writing timings
cannot be adjusted for less than the sub-scanming pitch, which
corresponds to the recording density. As aresult, there s arisk
that a difference between the resist positions, whose maxi-
mum size 1s a half of the sub-scanning pitch, may appear on an
1mage.

Additionally, i1t there 1s a speed difference between the
transferring position and the detecting position due to speed
variations of the transferred body, there 1s a risk that a
detected resist difference may contain an error. Furthermore,
i the synchronizing detection sensor 1s not accurately posi-
tioned due to thermal expansion of the housing, the synchro-
nizing detection signal 1s generated at various timings. The
detected resist difference and the synchronmizing detection
signal 1s used as references of the feedback control of the
optical scanner. Thus, 1t 1s impossible to align the resist posi-
tions uniformly based on such inaccurate references even 1t
the adjusting process 1s properly operated.

In addition, a recent increase in the operational speed of
color image forming apparatuses has realized practical use of
color digital copiers, color laser printers and so on. In a
four-drum tandem type color image forming apparatus, for
example, four photoconductor drums are arranged 1n the car-
rying direction of record papers. A plurality of optical scan-
ning systems corresponding to the individual photoconductor
drums simultaneously expose the photoconductor drums so
as to form latent images. These latent images are made visible
by using different color developers such as yellow, magenta,
cyan and black. Then, these developed simple color images
are sequentially superposed and transferred onto a same
record paper so as to form a full-color image.

Alternatively, a one-drum type 1mage forming apparatus
has only one photoconductor drum. In such a one-drum type
image forming apparatus, the photoconductor drum 1s rotated
as many times as the number of prepared colors. For each
rotation, a latent image forming process (exposing process), a
developing process and a transierring process are performed
for the photoconductor drum, and then the resulting visible
simple color images are superposed and transferred onto a
same record paper so as to form a full-color image. As another
embodiment of the one-drum type color image forming appa-
ratus, after the visible simple color images are formed, the
visible simple color images may be temporarily superposed
onto an intermediate transierred member and then transferred
onto the record paper.

The four-drum tandem type color image forming apparatus
has an advantage compared to the one-drum type color image
forming apparatus in that the four-drum tandem type color
image forming apparatus can produce a color image and a
monochrome 1mage at a same speed. Thus, the four-drum
tandem type color image forming apparatus 1s more suitable
to high speed printing. In contrast, since the four-drum tan-
dem type color image forming apparatus contains four optical
scanning systems to expose four photoconductor drums, the
four-drum tandem type color image forming apparatus tends
to have a greater size and 1t 1s necessary to reduce the size
thereof. Additionally, the four-drum tandem type color image
forming apparatus has another problem in that color displace-
ment may occur when individual color toner 1mages corre-
sponding to the four photoconductor drums are superposed
and transferred onto a record paper.
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In particular, the color displacement can be caused with
respect to the sub-scanning direction by the following factors.

A speed variation of a photoconductor with respect to the
circumierential direction (sub-scanning direction).

A speed varnation of an intermediate transierred member
with respect to the circumierential direction (sub-scanning
direction).

A position difference between photoconductors.

A position difference of optical spots between optical scan-
ning systems.

If a plurality of optical beams are simultaneously used to
write latent images on individual photoconductor drums,
there 1s a risk that misalignment with respect to the sub-
scanning direction may be caused corresponding to the num-
ber of prepared optical beams because a polygon scanner 1s
not rotated synchronously with the photoconductor drums in
general.

The following conventional methods for suppressing such
color displacement are presented.

Japanese Laid-Open Patent Application No. 2001-133718
discloses an mvention that can make scanning lines on indi-
vidual photoconductor drums coincide with each other by
adjusting positions of the individual scanning means or the
housings thereof relative to the photoconductor drums.
According to this invention, however, the adjustment mecha-
nism becomes complicated and it takes a large amount of
adjustment time. In addition, since the heavy housings are
adjusted, 1t 1s difficult to correspond to changes over time due
to temperature vanations. Also, it 1s difficult to accurately
correct color displacement during printing operation or color
displacement due to variations of the environment.

Japanese Laid-Open Patent Application No. 2001-100127
discloses a method for controlling the position of an optical
beam with respect to the sub-scanning direction by using a
galvanometer mirror. According to this disclosed method,
however, since the galvanometer mirror 1s too sensitive for the
purpose ol controlling the optical beam position of with
respect to the sub-scanning direction, the galvanometer mir-
ror 1s highly influenced by external vibrations. In order to
obtain a better beam spot diameter, 1t 1s necessary to satisiy
high surface accuracy (about four times of a transmission
surface).

Japanese Laid-Open Patent Application No. 10-239939
discloses a color image forming apparatus that includes color
displacement correction means. In this color image forming
apparatus, an optical beam for first writing an 1mage on a
photoconductor 1s selected among a plurality of optical
beams based on a phase relation between a reference inter-
mediate transferring signal and a line synchronizing signal so
as to adjust starting positions for writing individual color
images with respect to the sub-scanning direction. According
to this color image forming apparatus, however, 1t 1s difficult
to correct color displacement smaller than one line. For
instance, 11 individual simple color images are written at 600
dp1 (dots per inch) there 1s a risk that a full-color 1mage
generated from the individual color images may have color
displacement of at least more than 42 um.

SUMMARY OF THE INVENTION

It 1s a general object of the present invention to provide an
optical scanner and an 1image forming apparatus 1n which the
above-mentioned problems are eliminated.

A first specific object of the present invention is to provide
an optical scanner and an 1image forming apparatus that can
realize a satistactory color image without any color displace-
ment and color change by effectively correcting and lowering,
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a pitch 1rregularity due to the low frequency factors, more
specifically, by effectively correcting periodic pitch irregu-
larities caused 1n individual color image forming stations and
elifectively lowering harmiul the curvature and gradient of a
scanning line generated by a resin-molded lens serving as an
image forming system.

A second more specific object of the present invention 1s to
provide an optical scanner and an 1mage forming apparatus
that can correct a difference between resist positions of 1ndi-
vidual image forming stations with high accuracy and form a
satisfactory color image without any color displacement and
color change due to variations over time, especially, tempera-
ture variations over time.

A third more specific object of the present invention 1s to
provide an optical scanner and an 1mage forming apparatus
that can effectively correct color displacement among indi-
vidual colors and form a satisfactory color image even if
scanning positions are misaligned with respect to the sub-
scanning direction due to rapid temperature variations and
others.

A Tourth more specific object of the present invention 1s to
provide an optical scanner and an 1mage forming apparatus
that can effectively correct and reduce a pitch irregularity due
to the above-mentioned low frequency factors and can form a
satisfactory color image without any color displacement and
color change by ellectively correcting a periodic pitch irregu-
larity generated by individual image forming stations and
elfectively reducing the curvature and gradient of a scanning
line generated by a resin-molded lens serving as an 1image
forming system.

In order to achieve the above-mentioned objects, there 1s
provided according to one aspect of the present invention an
optical scanner for scanmng an 1mage carrier, including: an
illuminant part emitting an optical beam; a deflecting part
deflecting the optical beam; an 1mage forming part focusing
the detlected optical beam on the image carrier; and an optical
axis adjusting part being provided between the illuminant
part and the deflecting part, the optical axis adjusting part
adjusting a beam spot position of the optical beam on the
image carrier with respect to a sub-scanning direction.

In the above-mentioned optical scanner, the optical axis
adjusting part may include a movable mirror.

In the above-mentioned optical scanner, the movable mir-
ror may have at least one vibration mode 1n which the mov-
able mirror vibrates with respect to the sub-scanning direc-
tion.

In the above-mentioned optical scanner, the optical axis
adjusting part may slightly vibrate the beam spot position of
the optical beam on the image carrier with respect to the
sub-scanning direction slowly relative to a period of optical
scanning.

In the above-mentioned optical scanner, the optical axis
adjusting part may include a phase adjusting part adjusting a
phase of vibration.

In the-above-mentioned optical scanner, the optical axis
adjusting part may include an amplitude adjusting part adjust-
ing an amplitude of vibration.

Additionally, there 1s provided according to another aspect
of the present invention an image forming apparatus, includ-
ing: a plurality of image carriers; an optical scanner forming
latent images on the plurality of image carriers, including: an
illuminant part including a plurality of 1lluminants, the plu-
rality of 1lluminants emitting optical beams; a detlecting part
deflecting the optical beams; an 1mage forming part focusing
the deflected optical beams on the plurality of image carriers;
and an optical axis adjusting part being provided between the
illuminant part and the deflecting part, the optical axis adjust-
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ing part adjusting beam spot positions of the optical beams on
the plurality of image carriers with respect to a sub-scanning
direction; a developing part developing the latent images so as
to form visible images; and a transferred member onto which
the visible images are transferred from the plurality of image
carriers, wherein the optical axis adjusting part includes a
movable mirror and slightly vibrates the beam spot positions
of the optical beams on the 1image. carriers with respect to the
sub-scanning direction slowly relative to a period of optical
scanning.

In the above-mentioned image forming apparatus, the opti-
cal axis adjusting part may slightly adjust rotational time of
the 1mage carriers from writing positions onto the image
carriers to a transierring position onto the transierred member
while the latent 1images are formed on the plurality of image
carriers.

In the above-mentioned image forming apparatus, the illu-
minant part may include a selecting part selecting one of the
plurality of i1lluminants for an optical beam that optically
scans a head line with respect to the sub-scanning direction
from which the latent images are formed corresponding to the
rotational time of the 1mage carriers from the writing posi-
tions onto the 1image carriers to the transierring position onto
the transferred member.

According to the above-mentioned inventions, 1t 1S pos-
sible to effectively correct periodic varnations of a pitch of
scanning lines due to low-frequency factors, a difference
between resist positions for forming a color image,. and the
slope and curvature of a scanning line. In this fashion, since
the optical scanner can properly write an image on an 1mage
carrier, the 1mage forming apparatus 1s capable of form a
high-quality color image by effectively suppressing density
unevenness due to the pitch irregularity of scanning lines and
reducing color displacement and color change.

Furthermore, 1n the above-mentioned optical scanner, the
optical axis adjusting part may include a wedge-shaped
prism.

In the above-mentioned optical scanner, the optical axis
adjusting part may adjust the beam spot position of the optical
beam with respect to the sub-scanning direction by rotating
the wedge-shaped prism approximately on an optical axis.

In the above-mentioned optical scanner, the optical axis
adjusting part may adjust the beam spot position of the optical
beam during writing of an 1mage.

Additionally, there 1s provided according to another aspect
of the present invention an image forming apparatus, includ-
ing: a plurality of image carriers; an optical scanner forming
latent 1images on the plurality of image carriers, said optical
scanner including: an 1lluminant part including a plurality of
illuminants, the plurality of illuminants emitting optical
beams; a deflecting part deflecting the optical beams; an
image forming part focusing the deflected optical beams on
the plurality of 1mage carriers; and an optical axis adjusting,
part being provided between the illuminant part and the
deflecting part, the optical axis adjusting part adjusting beam
spot positions of the optical beams on the plurality of 1mage
carriers with respectto a sub-scanning direction; a developing
part developing the latent images so as to form visible images;
and a transferred member onto which the visible 1mages are
transierred from the plurality of image carriers, wherein the
optical axis adjusting part comprises a wedge-shaped prism
and adjusts the beam spot positions of the optical beams with
respect to the sub-scanning direction by rotating the wedge-
shaped prism approximately on an optical axis.

The above-mentioned 1mage forming apparatus may fur-
ther include a position difference detecting part detecting a
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difference between the beam spot positions of the optical
beams on the plurality of image carriers with respect to the
sub-scanning direction.

In the above-mentioned 1image forming apparatus, the opti-
cal axis adjusting part may adjust the beam spot positions of
the optical beam with respect to the sub-scanning direction
based on the difference detected by the position difference
detecting part during writing of an 1image.

According to the above-mentioned 1nventions, since the
wedge-shaped prism can be driven under simple mechanism
and means, 1t 1s possible to correct misalignment of a scan-
ning position and realize a highly accurate scanning position.

Additionally, according to the above-mentioned mven-
tions, even 1f the position of an optical spot 1s drastically
varied, 1t 1s possible to correct the position of the optical spot.

Furthermore, there 1s provided according to another aspect
of the present mvention an optical scanner for scanning an
image carrier, including: an illuminant part emitting an opti-
cal beam; a deflecting part deflecting the optical beam; an
image forming part focusing the deflected optical beam onthe
image carrier; and an optical axis adjusting part being pro-
vided between the illuminant part and the detlecting part, the
optical axis adjusting part adjusting a writing start position of
the optical beam on the 1image carrier with respect to a sub-
scanning direction.

In the above-mentioned optical scanner, the optical axis
adjusting part may include a movable mirror.

The above-mentioned optical scanner may further include
an optical beam detecting part detecting a position of the
optical beam with respect to a main scanning direction.

The above-mentioned optical scanner may further include
a housing integrally accommodating the illuminant part, the
deflecting part, the image forming part, and the optical beam
detecting part.

In the above-mentioned optical scanner, the optical beam
detecting part may be disposed at a position in the housing
toward a main scanning end from a position detected by the
optical beam detecting part and the detected position may be
allowed to conduct free expansion relative to the position of
the optical beam detecting part.

Additionally, there 1s provided according to another aspect
of the present invention an 1mage forming apparatus, includ-
ing: a plurality of image carriers; an optical scanner forming
latent 1mages on the plurality of 1image carriers, the optical
scanner including: an 1lluminant part including a plurality of
illuminants, the plurality of illuminants emitting optical
beams; a deflecting part deflecting the optical beams; an
image forming part focusing the detlected optical beams on
the plurality of 1image carriers; and an optical axis adjusting
part being provided between the illuminant part and the
deflecting part, the optical axis adjusting, part adjusting writ-
ing start positions of the optical beams on the plurality of
image carriers with respect to a sub-scanning direction; a
developing part developing the latent 1mages so as to form
visible 1mages; and a transierred member onto which the
visible 1mages are transferred from the plurality of image
carriers, wherein the optical axis adjusting part comprises a
movable mirror and adjusts the writing start positions of the
optical beams on the plurality of 1mage carriers with respect
to the sub-scanning direction.

The above-mentioned 1mage forming apparatus may fur-
ther include a resist position difference detecting part detect-
ing a difference between the writing start positions of the
optical beams on the plurality of 1mage carriers with respect
to the sub-scanning direction.

In the above-mentioned image forming apparatus, the opti-
cal axis adjusting part may be controlled through feedback
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based on the difference between the writing start positions
detected by the resist position difference detecting part so as
to adjust the writing start positions of the optical beams.

In the above-mentioned 1mage forming apparatus, a dis-
tance between each of transferring positions of the latent
images onto the transferred member and a detecting position
ol the resist position difference detecting part may be set as an
approximately mteger multiple of a circumierential length of
a driving roller for driving the transferred member.

According to the above-mentioned inventions, although a
conventional 1image forming apparatus align resist positions
of individual image forming stations per one line correspond-
ing to the recording density, the image forming apparatus
according to the present invention 1s capable to aligning the
resist positions with higher accuracy. As aresult, 1t 1s possible
to form a high-quality color image without any color dis-
placement and color change.

Additionally, according to the above-mentioned inven-
tions, even 1f the transier belt moves at variable speeds, 1t 1s
possible to make the circumierential speed of the transter belt
at a transferring position equal to the circumierential speed at
a detecting position. As a result, 1t 1s possible to detect a
difference between resist positions at the transferring position
with high accuracy. Through the detection improvement, the
image forming apparatus 1s capable of forming a high-quality
color 1mage.

Additionally, according to the above-mentioned inven-
tions, even 1f the temperature 1s varied, a synchronization
detecting position 1s stably maintained. As a result, 1t 1s pos-
sible to effectively control the phases of writing timings
between individual image forming stations and form a high-
quality color image without any color displacement and color
change.

In the above-mentioned optical scanner, the optical axis
adjusting part may include a wedge-shaped prism.

In the above-mentioned optical scanner, the optical axis
adjusting part may adjust the writing start position of the
optical beam with respect to the sub-scanning direction by
rotating the wedge-shaped prism approximately on an optical
axis.

Additionally, there 1s provided according to another aspect
of the present invention an 1mage forming apparatus, includ-
ing: a plurality of image carriers; an optical scanner forming
latent 1mages on the plurality of image carriers, the optical
scanner including: an 1lluminant part including a plurality of
illuminants, the plurality of illuminants emitting optical
beams; a deflecting part deflecting the optical beams; an
image forming part focusing the detlected optical beams on
the plurality of image carriers; and an optical axis adjusting,
part being provided between the illuminant part and the
deflecting part, the optical axis adjusting part adjusting writ-
ing start positions of the optical beams on the plurality of
image carriers with respect to a sub-scanning direction; a
developing part developing the latent 1mages so as to form
visible 1mages; and a transferred member onto which the
visible 1mages are transierred from the plurality of image
carriers, wherein the optical axis adjusting part comprises a
wedge-shaped prism and adjusts the writing start positions of
the optical beams with respect to the sub-scanning direction
by rotating the wedge-shaped prism approximately on an
optical axis.

The above-mentioned 1image forming apparatus may fur-
ther include a resist position difference detecting part detect-
ing a difference between the writing start positions of the
optical beams on the plurality of 1image carriers with respect
to the sub-scanning direction.
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In the above-mentioned 1image forming apparatus, the opti-
cal axis adjusting part may be controlled through feedback
based on the difference between the writing start positions
detected by the resist position difference detecting part so as
to adjust the writing start positions of the optical beams.

In the above-mentioned 1mage forming apparatus, the plu-
rality of image carriers may include just four image carriers
corresponding to four colors: black, yellow, magenta and
cyan, that are arranged 1n a tandem fashion, one of the four
colors may be predetermined as a reference color, and the
optical axis adjusting part may have three wedge shaped
prisms for adjusting writing start positions of optical beams
for scanming three 1image carriers other than the reference
color such that the writing start positions coincide with a
writing start position of an optical beam for scanning an
image carrier for the reference color.

According to the above-mentioned inventions, even 1f a
scanning position 1s misaligned with respect to the sub-scan-
ning direction due to drastic temperature variations and oth-
ers, 1t 1s possible to effectively correct a color difference
between individual colors and form a proper color image.

Additionally, according to the above-mentioned inven-
tions, even 1f a scanming position 1s greatly misaligned to the
scanning position of a reference color, 1t 1s possible to easily
correct a color difference thereol because the number of
adjusting portions and an adjusted amount are reduced.

Additionally, according to the above-mentioned inven-
tions, even 1f the writing start position on an 1mage carrier 1s
misaligned over time, 1t 1s possible to correct the misalign-
ment of the writing start position with respect to the sub-
scanning direction.

Other objects, features and advantages of the present
invention will become more apparent from the following
detalled description when read in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating an exemplary optical scan-
ner according to the present invention;

FIG. 2 1s a diagram 1llustrating an image forming part of an
exemplary tandem type color image forming apparatus
according to the present invention;

FIG. 3 1s an exploded perspective view of an exemplary
movable mirror module serving as an optical axis adjusting
part according to the present invention;

FIGS. 4A and 4B are diagrams illustrating variations of the
optical axis adjusting part according to the present invention;

FIG. 5 shows an exemplary relation between a writing
position onto a photoconductor drum and a transferring posi-
tion;

FIG. 6 shows an exemplary placement of optical spots
emitted from an 1lluminant unit according to one embodiment
of the present invention;

FIG. 7 1s a block diagram 1illustrating a circuit for selecting
an 1lluminant 1n a semiconductor array;

FIGS. 8A through 8C are diagrams 1illustrating exemplary
variations of a recording pitch with respect to a sub-scanning
direction;

FIG. 9 1s a block diagram illustrating a drive circuit for
driving a movable mirror;

FIG. 10 1s a diagram for explaining slope of a scanning line;

FIGS. 11A and 11B are diagrams for explaining curvature
ol a scanning line;

FIGS. 12A and 12B are diagrams 1llustrating a supported
toroidal lens:
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FIG. 13 1s a diagram 1illustrating the structure of an exem-
plary 1mage forming apparatus according to the present
invention;

FI1G. 14 1s a diagram for explaining a sensor part for detect-
ing the position of an optical beam with respect to the sub-
scanning direction;

FIG. 15 1s a diagram for explaining a curvature of the
bottom surface of a housing for an optical scanner according,
to one embodiment of the present invention;

FIG. 16 1s a diagram 1llustrating the structure of an 1image
forming apparatus according to another embodiment of the
present invention;

FI1G. 17 1s a diagram 1llustrating the structure of an 1image
forming part of the image forming apparatus according to the
embodiment;

FIG. 18 1s a diagram 1llustrating the structure of a portion of
an optical scanner according to one embodiment of the
present invention;

FIG. 19 1s a cross-sectional view of a synchromization
detecting sensor and an end detecting sensor according to one
embodiment of the present invention;

FIGS. 20A and 20B are cross-sectional views of an exem-
plary hornizontally installed optical detecting part and an

exemplary vertically installed optical detecting part, respec-
tively, according to the present invention;

FI1G. 21 1s a cross-sectional view of an exemplary movable
mirror module as an optical axis adjusting part according to
the present invention;

FI1G. 22 1s a diagram 1llustrating a writing position and a
transierring position on a photoconductor drum;

FI1G. 23 1s a diagram 1llustrating an arrangement of beam
spots on a photoconductor drum;

FIG. 24 1s a block diagram of a control mechanism for
correcting a difference of writing start timings;

FI1G. 25 15 a block diagram of a drive circuit for driving a
movable mirror:;

FIGS. 26 A through 26C are diagram 1illustrating exemplary
variations of a recording pitch with respect to a sub-scanning
direction;,

FIG. 27 1s an exploded perspective view of a correction
mechanism for correcting slope and curvature of a scanning,
line:

FI1G. 28 1s a diagram 1llustrating the structure of a vaniation
of the image forming part according to the present invention;

FI1G. 29 15 a diagram 1illustrating the structure of a variation
of the optical axis adjusting part according to the present
invention;

FIG. 30 1s a diagram 1llustrating the structure of an 1image

forming part of an 1image forming apparatus according to one
embodiment of the present invention;

FIG. 31 1s a diagram for explaiming a correction mecha-
nism for correcting the position of an optical spot with respect
to the sub-scanning direction by means of a wedge-shaped
prism;

FIG. 32 1s a diagram 1illustrating the structure of a lead
screw type actuator serving as a writing start position correct-
ing part;

FI1G. 33 15 a diagram for explaining a detection mechanism
by means of non-parallel photodiode sensors serving as a
beam spot position detecting part;

FIG. 34 1s a graph of temperature changes 1n an optical
scanner at successive printing;

FIG. 35 1s a diagram illustrating the structure of another
exemplary image forming apparatus according to the present
invention;
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FIG. 36A 1s a diagram for explaining position differences
ol an optical spots with respect to the sub-scanning direction
due to a speed vaniation of an intermediate transferred body;

FIG. 36B 1s a diagram for explaining positions differences
of an optical spot with respect to the sub-scanming direction
alter the position of the optical spot 1s corrected; and

FIG. 37 1s a graph of a relation between drive frequency of
a stepping motor and torque.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
]

ERRED

In the following, embodiments of the present invention will
be described with reference to the accompanying drawings.

FIG. 1 shows the structure of an optical scanner according,
to one embodiment of the present invention, and FIG. 2 shows
the structure of an 1image forming part of a tandem type color
image forming apparatus according to one embodiment
according to the present invention. The optical scanner 1n
FIG. 1 constitutes the image forming part of the tandem type
color image forming apparatus 1n FIG. 2. The optical scanner
optically scans one photoconductor drum included in the
tandem type color image forming apparatus. In order to avoid
confusion, parts in FIG. 2 are designated by reference numer-
als different from parts 1n FI1G. 1 even 1f some of the parts are
identical objects.

In the image forming part of the tandem type color image
forming apparatus in FIG. 2, four photoconductor drums 121,
122,123 and 124 are arranged along the shiit direction of the
circumierential surface of a transfer belt 125, which serves as
a transferred member. After electrostatic latent images are
optically written and formed on the individual photoconduc-
tor drums 121, 122, 123 and 124, the electrostatic latent
images are made visible with distinct color toners. The color
toner 1mages are sequentially superposed and transferred on
the transier belt 125 to form a color image. The color image 1s
transierred and fused on (not illustrated) a recording medium,
for example, a record paper so as to form a color 1image.

The optical scanners, each of which optically scans respec-
tive photoconductor drums 121, 122, 123 and 124, share a
polygon mirror 126, which serves as a detlecting part. Also,
the tandem type color image forming apparatus contains
lenses, which serve as image forming parts, for focusing
optical beams detlected by the polygon mirror 126 on the
corresponding photoconductor drums 121,122, 123 and 124.
Some of the lenses are also shared for the photoconductor
drums 121, 122, 123 and 124.

Each of i1lluminant units 127 and 128 includes a pair of
semiconductor lasers for emitting optical beams, which are
deflected on same deflection reflection surfaces of the poly-
gon mirror 126. The tandem type color image forming appa-
ratus 1n FIG. 2 will be described later in detaul.

Referring to FIG. 1, for example, the optical, scanner in
FIG. 1 corresponds to the optical scanner that optically scans
the photoconductor drum 122 with an optical beam emitted
by the 1lluminant unit 127 1n the configuration of the tandem
type color image forming apparatus in FIG. 2.

In the optical scanner 1n FIG. 1, semiconductor lasers 101
and 102 emit optical beams for optically scanming a photo-
conductor drum 111 and (not 1llustrated) another photocon-
ductor drum, respectively. The two optical beams are con-
verted 1nto parallel luminous tluxes through coupling lenses
103 and 104, respectively, and then enter a synthesizing prism
105. The synthesizing prism 105 1s formed as a combination
ol a parallelogram prism and a trapezoid prism.

The optical beam from the semiconductor laser 101 1s
transmitted through the trapezoid prism of the synthesizing
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prism 105. On the other hand, the optical beam from the
semiconductor laser 102 1s reflected on a pair of parallel
reflection surfaces of the parallelogram prism of the synthe-
s1izing prism 105 sequentially and then exits close to the
optical beam from the semiconductor laser 101 such that the
two optical beams have a predetermined interval each other
with respect to the sub-scanning direction as 1illustrated in
FIG. 1.

The two optical beams pass through positions away from
the center axis of the cylindrical lens 106 with respect to the
sub-scanning direction. Then, the optical beams from the
semiconductor lasers 101 and 102 are reflected on respective
movable mirrors 107 and 108 so as to cross each other on a
deflection reflection surface of a polygon mirror 100 with
respect to the sub-scanning direction. The reflected optical
beams are focused near the detlection reflection surface of the
polygon mirror 100 as a line beam with respect to the main
scanning direction. Through rotation of the rotationally
driven polygon mirror 100, the line beam becomes a luminous
flux detlected at a constant angular velocity. Hereinafter, only
the optical beam propagating to the photoconductor drum 111
will be described.

After the optical beam 1s deflected by the polygon mirror
100, the detlected optical beam 1s transmitted through an 10
lens 109 and a toroidal lens. 110, each of which serves as the
image forming part, and then 1s focused on the circumieren-
t1al surface of the photoconductor drum 111 as an optical spot
to optically scan the circumierential surface.

In this embodiment, the 19 lens 109 and the toroidal lens
110 extend 1n the sub-scanming direction.

The movable mirror 107 1s capable of deflecting the optical
beam to the photoconductor drum 111 with respect to the
sub-scanning direction and serves as an optical axis adjusting
part for detlecting the optical beam with respect to the sub-
scanning direction.

The semiconductor lasers 101 and 102 comprise semicon-
ductor laser arrays each of which 1s formed in a monolithic
structure by arranging a plurality of 1lluminants at a pitch of
slightly more than 10 um as an array. A compound 1mage
formation magnification of the coupling lens 103, the cylin-
drical lens 106, the 10 lens 109 and the toroidal lens 110 with
respect to the sub-scanning direction 1s notated as [, and the
pitch of the illuminants 1s notated as d. Then, if the optical
scanner 1s designed to meet the equation =p/d, optical spots
from the 1lluminants are formed on the photoconductor drum
111 to have a pixel pitch p corresponding to a recording
density.

Although the optically scanning process follows a “multi-
beam scanning fashion”, 1t 1s possible to select one of the
plurality of illuminants to write the head line.

As previously mentioned, the two optical beams from the
semiconductor lasers 101 and 102 are deflected to cross each
other near the polygon mirror 100 with respect to the sub-
scanning direction. In this case, 1t 1s possible to separate the
two optical beams after the deflection by the polygon mirror
100 with respect to the sub-scanning direction so that each of
the detlected optical beams can travel toward a photoconduc-
tor drum different from each other. In the optical scanner
shown 1n FIG. 1, after the optical beam from the semiconduc-
tor laser 101 1s deflected by the polygon mirror 100, the
deflected optical beam 1s guided toward the photoconductor
drum 111 by two folding mirrors 112 and 114.

In FI1G. 1, a synchronization detecting sensor 113 takes a
start timing for writing 1n the main scanning direction.

It 1s noted that an optical path of the optical beam from the
semiconductor laser 102 1s omitted in FIG. 1. In this embodi-
ment, the movable mirrors 107 and 108 are configured as one
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movable mirror module. However, the movable mirrors 107
and 108 may be separately provided for each of the two
optical beams.

FIG. 3 1s an exploded perspective view of the movable
mirror module 160, which serves as the optical axis adjusting
part according to the present invention, accommodating the
movable mirrors 107 and 108 1n FIG. 1 wherein the movable
mirrors 107 and 108 are designated by the reference numerals
162 and 163, respectively.

In the movable mirror module 160, first and second mov-
able mirrors 162 and 163 are disposed in parallel to the
sub-scanning direction on a support substrate 161 shaped of a
sintered metal. The interior of the movable mirror module 160
1s sealed with a cap-shaped cover 165. An optical beam passes
through a glass window 164 that 1s provided at an aperture of
the cover 165. Inactive gas 1s enclosed 1n the sealed mterior.

A movable mirror substrate 1s configured by joining an Si
substrate 166 and an S1 support frame 167 via an insulation
film. The S1 substrate 166 1s formed of an S1 substrate of 60
um 1n thickness. An etching process 1s performed to cut off
portions of the first and the second movable mirrors 162 and
163 as well as the periphery of twisted beams 168 and 169 to
support the movable mirrors 162 and 163. The movable mir-
rors 162 and 163 are coupled to a fixing frame 170 via the
twisted beams 168 and 169. Then, the movable mirrors 162
and 163 are provided to be connected to the fixing frame 170
via the twisted beams 168 and 169. The first and the second
twisted beams 168 and 169 are arranged in parallel to the
main scanning direction.

On the surface of the S1 substrate 166, the movable mirrors
162 and 163 have tooth-shaped ends at the sides orthogonal to
the twisted beams 168 and 169 and the fixing frame 170 has
tooth-shaped ends, as illustrated in FIG. 3, so as to engage
with each other. A metal film of Au and others 1s deposited on
the tooth-shaped portions of the movable mirrors 162 and 163
together with the tooth-shaped portion of the fixing frame
170. The tooth-shaped portions of the movable mirrors 162
and 163 serve as first and second movable electrodes, and the
tooth-shaped portion of the fixing frame 170 serves as first
and second fixed electrodes opposite to the first and the sec-
ond movable electrodes.

When a voltage 1s applied to the first and the second fixed
clectrodes, electrostatic force 1s generated between the mutu-
ally facing movable electrodes. Consequently, the twisted
beams 168 and 169 are twisted and the movable mirrors 162
and 163 arec separately rotated by small angles. If a pulse
voltage 1s periodically applied to the first and the second fixed
clectrodes, 1t1s possible to cause the movable mirrors 162 and
163 to oscillate.

Here, if the twisted beams 168 and 169 are configured to
have widths and lengths corresponding to resonance 1ire-
quency peculiar to the oscillating portions thereot, it 1s pos-
sible to make the amplitude larger due to the oscillation. As a
result, since the movable mirrors 162 and 163 can be driven
by applving weak intensity of electric current, 1t 1s possible to
reduce an amount of the power consumption. In order to
prevent resonance caused by vibration transmission due to
rotation of photoconductor drums and others, however, 1t 1s
preferable that the resonance frequency be set as a suiliciently
high resonance frequency (more than 200 Hz) toward the
vibration due to the rotation.

On the other hand, the resonance frequency may be set to
correct pitch varniations (banding) involved in the vibration
transmission with respect to the sub-scanning direction.

When the fixed and the movable electrodes are tooth-
shaped as mentioned above, 1t 1s possible to increase the outer
circumierential lengths thereof as much as possible and make
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the lengths of the electrodes greater. As a result, it 1s possible
to obtain a greater electrostatic torque at a low voltage.

The S1 support frame 167 1s formed of an S1 substrate of
200 um 1n thickness, and an aperture 1s provided at the center
of the S1 support frame 167. The S1 support frame 167 {ixes a
support portion of the S1 substrate 166 so that the aperture can
provide an oscillation area of the movable mirrors 162 and
163. Lead terminals 172 are provided to pierce a support
substrate 161 via an isulator. A wire bonding process 1s
conducted for each of the lead terminals 172 such that each of
the fixed electrodes, each of pad parts 173, and each upper end
ol the lead terminals 172 are connected each other via the lead
terminal 172. As a result, 1t 1s possible to connect between the
interior and the exterior of the packed electric wiring.

The cover 165 1s embedded 1n a step part formed 1n the
outer circumierence of the support substrate 161, and the
glass window 164 1s joined at the aperture from the inner side
of the cover 165.

In this configuration, 1t 1s assumed that each of the movable
mirrors 162 and 163 has 2a 1n length, 26 1n width and d in
thickness and that each of the twisted beams 168 and 169 has
L 1n length and ¢ in width. Also, the density ol the Si1s notated
as p and the material constant 1s notated as G. Then, the
moment of inertia I of the movable mirrors 162 and 163 and
the spring constant K of the twisted beams 168 and 169 are
given as follows;

I=(4abpd/3)-a®, and
K=(GRL){cd(c*+d*)/12}.

Accordingly, the resonance frequency 1 1s given as follows;

f=(12m) (K/DY*=(1/27){ Ged(c*+d*)24LTH 7,

Additionally, since the length L of the twisted beams 168 and
169 1s 1n proportion to an oscillation angle 0, the oscillation
angle 0 1s represented as follows;

O=(4/D)f,

where A 1s a constant. As seen from the above formula, the

oscillation angle 0 1s 1n 1nverse proportion to the moment of
inertia I.

In a case where the resonance frequency 1 1s high, unless
the moment ol 1inertia I1s reduced, the above formula says that
the oscillation angle 0 becomes small. In order to overcome
this problem, the movable mirrors 162 and 163 according to
this embodiment 1s designed to reduce the weight thereof by
partially cutting oif the back sides thereof. As a result, 1t 1s
possible to decrease the moment of inertia I.

Also, electrostatic force F between a fixed electrode and a
movable electrode 1s given as follows;

F=EHV?/28,
where € 15 a dielectric constant of air, H 1s the length of the

clectrodes, V 1s an applied voltage and 0 1s the distance
between the fixed electrode and the movable electrode.

Accordingly, the oscillation angle 0 can be represented as
follows;

0=B-F/I,

where B 1s a constant.

This formula asserts that the larger electrode length H 1s,
the greater oscillation angle 0 1s. In response to this fact, the
fixed electrode and the movable electrode are tooth-shaped in
this embodiment of the present invention so as to obtain the
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large electrode length H. As a result, if the number of the teeth
1s 1, 1t 1S possible to obtain a 2n amount of drive torque.

Here, the viscous resistance P of air toward the movable
mirror 1s given as follows;

P=CnVv*E°,

where C 1s a constant, 1) 1s the air density 1n the vicinity of the
movable mirror, v 1s the speed of the movable mirror, and E 1s
the area of the movable mirror.

In this embodiment, the movable mirrors are sealed, and
decompressed inactive gas 1s enclosed in the sealed interior as
previously mentioned. As a result, it 1s possible to not only
reduce the viscous resistance but also prevent changes of
properties of the metal films on the movable mirrors due to
chemical changes thereof.

FIG. 4A shows an exemplary movable mirror according to
another embodiment of the present invention. This movable
mirror has two oscillation modes.

In the movable mirror 1n FIG. 4A, an etching process 1s
conducted for an S1 substrate 186. In the etching process, a
movable mirror 181, a first twisted beam 182 to support the
movable mirror 181, a movable frame 184 connected to the
first twisted beam 182, a second twisted beam 183 to connect
between the movable frame 184 and a fixing frame 185, and
the fixing frame 185 are formed of the S1 substrate 186 as
illustrated.

As shown in FIG. 4A, the movable mirror 181, the movable
frame 184 and the fixing frame 185 have tooth-shaped por-
tions such that the twisted beams 182 and 183 are sand-
wiched. In this configuration, the movable mirror 181, the
movable frame 184 and the fixing frame 185 can engage with
cach other. The tooth-shaped portions of the movable mirror
181, the movable frame 184 and the fixing frame 185 are
deposited with metal films of Au and others. Then, the tooth-
shaped portions of the movable mirror 181 are set as a first
movable electrode, the corresponding tooth-shaped portions
of the movable frame 184 are set as a first fixed electrode, the
other tooth-shaped portions of the movable frame 184 are set
as a second movable electrode, and the corresponding tooth-
shaped portions of the fixing frame 183 are set as a second
fixed electrode.

When a voltage 1s applied to the first and the second fixed
clectrodes, electrostatic force 1s generated between the fixed
clectrodes and the corresponding movable electrodes. Since
the twisted beams 182 and 183 are twisted by the generated
clectrostatic force, it 1s possible to rotate the movable mirror
181 and the movable frame 184 separately by small angles. It
a pulse voltage 1s periodically applied to the first and the
second fixed electrodes, 1t 1s possible to oscillate the movable
mirror 181 and the movable frame 184.

In this embodiment, the twisted beams 182 and 183 are
disposed on the same axis. Accordingly, 1f voltages of differ-
ent frequencies are applied to the first and the second fixed
clectrodes, 1t1s possible to oscillate the movable mirror 181 at
such an amplitude that two oscillation modes are overlapped
in the same direction.

Similarly to the movable mirrors 162 and 163 in FIG. 3, the
movable mirror 181 1n FIG. 4A 1s disposed on the S1 support
frame such that the movable mirror 181 1s sealed by the
support substrate and the cover and 1nactive gas 1s enclosed 1n
the decompressed interior thereot. Also, the electric wiring 1s
provided to the movable mirror 181 like the movable mirrors

162 and 163.

In the above-mentioned implementation, the movable mir-
ror 1s driven by electrostatic force. However, the movable
mirror may be driven by a piezoelectric element and others.
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The optical axis adjusting part 1s not limited to the above-
mentioned movable mirrors. Suitable means for changing the
optical axis of an optical beam may be used as the optical axis
adjusting part. As shown 1 FIG. 4B, for instance, it 1s pos-
sible to adjust the optical axis of an optical beam by using a
surface elastic wave resulting from entering the optical beam
to an optical waveguide substrate 190 formed of L1NO,, ZnO
or the like.

Referring to FI1G. 4B, 11 the frequency of a surface elastic
wave excited by a tooth-shaped electrode (transducer) 191 1s
adjusted, 1t 1s possible to change the deflection angle of an
optical beam. The diffraction gratings 182 and 183 are pro-
vided so that the optical beam can travel in/from the optical
waveguide substrate 190.

Prior to the further description, an image forming process
by the image forming part (of the tandem type color image
forming apparatus) 1s brietly described with reference to FIG.
2.

In FI1G. 2, optical beams emitted by the 1lluminant units 127
and 128 are transmitted through the cylindrical lenses 129 and
130. Then, the optical beams are detlected by the movable
mirror modules 131 and 132 1n such two directions that the
optical beams can enter opposite surfaces of the polygon
mirror 126 to each other as illustrated in FIG. 2. Here, the
movable modules 131 and 132 have the same configuration as
the movable mirror associated with FIG. 3.

As discussed 1n association with FIG. 1, each of the 1llu-
minant units 127 and 128 emits two optical beams, and the
two optical beams are separated 1nto the upper beam and the
lower beam with respect to the sub-scanning direction. After
the 1lluminant units 127 and 128 emit two pairs of upper and
lower optical beams, the upper and lower optical beams enter
the cylindrical lenses 129 and 130 at positions symmetrically
away Irom the center axes of the cylindrical lenses 129 and
130 with respect to the sub-scanning direction. For each pair,
the upper and the lower optical beams cross each other with
respect to the sub-scanning direction 1n the vicinity of deflec-
tion reflection surfaces of the polygon mirror 126 and are
deflected 1n the same direction by the polygon mirror 126.
Then, the detlected optical beams, which are emitted by the
1lluminant units 127 and 128, pass through the 10 lenses 133
and 134, respectively. One of the two optical beams from the
illuminant umt 127 travels to the photoconductor drum 121
via the folding mirrors 135 and 156, and the other optical
beam travels to the photoconductor drum 122 via the folding
mirrors 136 and 137. The toroidal lenses 138 and 139 are
provided to the two optical beams separately. For the photo-
conductor drums 123 and 124, the optical beams from the
1lluminant unit 128 are similarly guided thereto via two fold-
ing mirrors and different toroidal lenses. For simplicity, the
tolding mirrors, and the toroidal lenses for the photoconduc-
tor drums 123 and 124 are not designated in FIG. 2 by refer-
ence numerals.

As mentioned previously, each of the 1lluminant units 127
and 128 comprises a plurality of semiconductor lasers, cou-
pling lens, a holder for retaining a synthesizing prism, and a
semiconductor laser drive circuit whose print substrate 1s
mounted on the back surface thereof. The 1lluminant units
1277 and 128 are configured to be rotated with respect to the
cylindrical part from which optical beams are emitted.
Through adjustment of the cylindrical part, it 1s possible to
fine-tune a writing phase of each of the upper and the lower
optical beams.

The individual photoconductor drums 121, 122, 123 and
124 are directly connected to motors 141, 142, 143 and 144,
respectively. The motors 141, 142, 143 and 144 are rotated
clockwise at the same frequency as 1llustrated 1in FIG. 5.
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The transfer belt 125 1s rotated counterclockwise by a
driving roller 145 connected to a motor 146 and 1s tensioned
by driven rollers 147 and 148.

In this embodiment, each of the photoconductor drums
121, 122, 123 and 124 i1s 1n contact with the transfer belt 125
at a transierring position. The transferring positions are
arranged at an 1nterval of an integral multiple of the circum-
terential length of the driving roller 145. In this configuration,
even 1f the transier belt 125 1s shifted at periodically varying
speeds due to eccentricity of the drniving roller 143, 1t 1s
possible to make the phase of the periodical speed variation
uniform for the transferring positions. A detector 149 for
reading a reference position of each 1image 1s provided near
the driving motor 145 on the transfer belt 125.

The detector 149 comprises a CCD area sensor 151 and an
objective lens 150. Three detectors 149 are disposed near the
center and the both ends of the transfer belt 125 along the
main scanning direction. The detectors 149 enlarge and read
a predefined detection pattern formed of a reference color
toner 1image (black toner image) and then detect resist posi-
tions with respect to the main scanning direction and the
sub-scanning direction. At the same time, by comparing the
black toner image with the other color (cyan, magenta and
yellow) toner 1mages, the detectors 149 detect “differences
between resist positions”, “the slope of a scanning line”” and
“the curvature of a scanning line”. The differences between
resist positions are derived based on the detected resist posi-
tions with respect to the main scanning direction and the
sub-scanning direction. The slope of a scanning line 1s
derived based on a detected difference between the both ends.
The curvature of a scanning line 1s derived based on a detected
difference between the middle point of the both ends and the
center.

In order to detect a pitch varnation, (not 1llustrated) cater-
pillar-shaped patterns are formed 1n the sub-scanning direc-
tion at a constant period, and intervals of the caterpillar-
shaped patterns (time lag) are read as “streak misalignment”
at a predefined sampling time. The period and the amplitude
of the shift speed variation of the transter belt 125 and phase
differences between the speed variation and the detected
resist positions are detected through a frequency analysis of
the read intervals.

FIG. 5 shows an exemplary relation between the writing,
position WR onto a photoconductor drum DR and the trans-
ferring position TR. In FIG. 5, the rotational center O of the
photoconductor drum DR 1s misaligned to the center axis of
the photoconductor drum DR. The angle between the writing
position WR and the transferring position TR 1s set as .

In this configuration, 1f rotation of the photoconductor
drum DR has no eccentricity and the rotational speed of the
photoconductor drum DR 1s constant, it takes a constant time
t for the photoconductor drum DR to be rotated from the
writing position WR to the transferring position TR.

However, the time t of the photoconductor drum DR may
differ from another photoconductor drum due to “unevenness
of the drum diameter” of the photoconductor drums DR and
misalignment of the writing position WR. Also, 11 the photo-
conductor drum DR has the eccentric rotational center O due
to the fabrication 1naccuracy, the time t would periodically
change corresponding to the configuration of the photocon-
ductor drum DR.

According to this embodiment, 1f variations of the time t
are caused by the drum diameter unevenness and the writing
position misalignment as mentioned above, 1t 1s possible to
correct the varnations by selecting an optimal 1lluminant to
write the head line among a plurality of illuminants consti-
tuting a semiconductor array of the 1lluminant unait.
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FIG. 6 shows a case where the semiconductor laser array of
the 1lluminant unit has five illuminants. Five optical spots
L.D-1 through LLD-5 are formed of optical beams from the five
1lluminants at the writing position WR on the photoconductor
drum DR. When such a semiconductor laser array 1s used to
perform a multi-beam type scanning process, {ive scanning,
lines to simultaneously scan a photoconductor drum are gen-
erated from the optical spots LD-1 through LD-5.

In FIG. 6, the notation N represents a surface of a polygon
mirror for reflecting and detlecting the five optical beams
simultaneously, and the notation N+1 represents the next
surface of the polygon mirror. As shown in FIG. 6; whenever
the surface for retlecting and deflecting optical beams 1s
switched through rotation of the polygon mirror, the five
scanning lines to simultaneously scan a photoconductor drum
are formed on the drum surface.

When image data are written with the writing position WR
on the photoconductor drum DR, one optical spot for writing
the head line 1s selected among the optical spots LD-1, LD-2,
[.D-3, LD-4 and LLD-5 that are deflected on a same surface of
the polygon mirror. The selected optical spot has a minimum
difference with the resist position (right-hand side 1in FIG. 6)
ol a reference color detected by the detector 149. In this case,
only two scanning lines generated from the optical spots
L.LD-4 and LD-5 are used for the surface N of the polygon
mirror, that 1s, at the start time of writing. Then, the five
scanning lines are used for the next surface N+1 of the poly-
gon Mmirror.

FIG. 7 1s a block diagram of a circuit for selecting an
illuminant to write the head line. In FIG. 7, a plurality of
i1lluminants of a semiconductor laser array are referred to as
the same notations as the above-mentioned optical spots
L.D-1 through LD-5. As shown 1n FIG. 7, when a first multi-
plexer MP1 recerves 1mage data, the first multiplexer MP1
distributes each five lines of the image data to five bulfer
memories M1 through M35, and then the distributed five lines
are temporarily stored therein.

A second multiplexer MP2 selects a semiconductor laser to
write the head line based on reference position data. Then, the
second multiplexer MP2 reads the stored 1mage data from the
buffer memories M1 through M5 synchronously with a syn-
chronizing signal of each surface of the polygon mirror and
drives the illuminants LD-1 through LD-5 of the semicon-
ductor laser array via a writing control part WCT. Here, 1f a
portion of the image data has not been written in deflection on
a surface of the polygon mirror, the portion is stored until
deflection on the next surface of the polygon mirror.

When the optical spot to write the head line 1s selected so
that the difference with the resist position of the reference
color can be minimized, 1t 1s possible to properly correct
differences of the time t among the individual photoconductor
drums due to the drum diameter unevenness and the misalign-
ment of the writing positions.

In this case, by using the synchronizing signals as triggers,
the writing control part resets a main scanning directional
timing for writing an 1mage for each optical scanning part of
the 1image forming apparatus based on detection results of
resist positions such that the center of the reference color
coincides with the center of the each image region. In order to
make the image widths (total width magnification) uniform,
an 1mage Irequency for modulating a semiconductor laser 1s
multiplied 1n mversely proportion to variations of the image
widths. Then, 1t 1s possible to properly superpose the indi-
vidual image regions by selecting the closest setting value
among values determined by individual division rates.

The resist positions are periodically set with respect to the
main scanning direction and the sub-scanning direction dur-
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ing a start-up period before an 1image forming job or a waiting
period between jobs such that the resist positions are suitable
to an environment of the 1mage forming apparatus.

A description will now be given of correction of periodical
variations of the time t due to eccentricity of the rotational
center ol a photoconductor drum or a transier belt.

In FIG. 5, an eccentric angle v indicates an angle between
the writing position WR and the rotational center O of the
photoconductor drum. In order to correct the periodic varia-
tions of the time t due to the eccentricity of the rotational
center of the photoconductor drum or the transter belt, the
above-mentioned movable mirror 1s slightly vibrated at the
period of one rotation of the photoconductor drum DR cor-
responding to the eccentric angle v such that the amplitude
and phase of the movable mirror coincide with those of the
periodical variations. As a result, 1t 1s possible to periodically
change the writing position so that the time t can be constant.

I1 the center axis of the photoconductor drum 1s misaligned
to the rotation axis thereoft, the distance r between the rotation
axis and the circumierential surface of the photoconductor
drum 1s varied 1n the range of r,xAr, where r, 1s the drum
diameter without eccentricity and Ar 1s an amount of the
eccentricity. In this case, when the photoconductor drum 1s
rotated at a constant speed, the photoconductor drum has
different surface speeds corresponding to positions on the
circumierential surface thereot. If the surface speed 1s higher
at a position on the circumierential surface, the writing posi-
tion 1s shifted away from the transferring member, that 1s, 1n
the rotational upstream direction thereof. In contrast, if the
surface speed 1s lower at a position on the circumierential
surface, the writing position 1s shifted to the transferring
member. This adjustment makes the rotation time t of the
photoconductor drum from the writing position to the trans-
ferring position uniform. In other words, even 1f the writing
position 1s not shifted, it 1s possible to make the time t, which
1s varied over time, uniform by slightly changing the time t.

The surface speed around the writing position 1s periodi-
cally varied at the period of one rotation of the photoconduc-
tor drum. Thus, 1f the movable mirror in FIG. 3 1s used to
deflect an optical beam 1n the sub-scanming direction syn-
chronously with the period and to shiit the writing position
such that the varying surface speed matches the phase of the
period, 1t 1s possible to make the time t uniform. At this time,
an optical beam 1s suiliciently slowly varied on the movable
mirror with respect to the sub-scanning direction relative to
the period of the optical scanning. In this case, although the
optical beam 1s deflected with respect to the sub-scanning
direction, only extremely slight curvature and slope are
caused 1n the scanming line corresponding to the detlected
optical beam. As a result, 1t 1s possible to 1gnore the curvature
and slope of the scanming line 1n practice.

FIG. 8A shows an exemplary variation of a recording pitch
on an 1mage with respect to the sub-scanning direction. This
variation 1s generated as a composition of large undulations as
illustrated in FIG. 8B and small undulations as 1llustrated 1n
FIG. 8C. The large undulations are generated during one
rotational period of a photoconductor drum, and the small
undulations are generated during one rotational period of a
driving roller for driving a transfer belt.

The above description handles the case where the movable
mirror 1 FIG. 3 1s used to correct, in particular, the large
undulations through the periodical deflection of an optical
beam with respect to the sub-scanning direction. As shown in
FIG. 8 A, however, 1f the recording pitch 1s varied in accor-
dance with the composite of the two oscillation modes, the
above-mentioned movable mirror module 1n FIG. 4 A 1s pret-
erably used. The movable frame 184 1s vibrated synchro-
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nously with the large undulations, and the movable mirror
181 1n FIG. 4A 1s vibrated synchronously with the small
undulations. As a result, it 1s possible to accurately shift the
writing position with respect to the sub-scanning direction in
response to the composite undulations as shown 1n FIG. 8A.
Therefore, 1t 1s possible to realize the constant time t even 1f
the vanation of the recording pitch 1n FIG. 8A exists.

However, as mentioned above, even 1t a movable mirror 1s
vibrated at the period corresponding to only the larger undu-
lation of the two different oscillation modes, 1t 1s possible to
elfectively reduce unevenness of the recording pitches due to
the periodical variations of the time t by making the ampli-
tudes and the phases uniform so as to offset the pitch varia-
tions at the transterring position.

Since the above-mentioned pitch variations are character-
istics inherent 1n an 1mage forming apparatus with a drive
transmission system, it 1s possible to effectively reduce the
unevenness of the pitches by making the amplitudes and the
phases uniform at the mitial arrangement so as to ofiset the
pitch variations at each transierring position.

In FIGS. 8 A through 8C, the speed 1s varied at the constant
period. However, even if the period of the speed variations
sporadically changes during an image forming process due to
load varniations and others, 1t 1s possible to correct the pitch
unevenness like the above fashion by inclining the movable
mirror at an occurrence timing of the sporadic period change.

FIG. 9 1s a block diagram of a drive circuit for driving a
movable mirror. A voltage supplied to individual electrodes
204, which correspond to electrodes of the movable mirror
moduleillustrated 1n FIG. 3, 1s generated as follows. Based on
a reference clock, a pulse width generating part 201 generates
a sequence of pulses corresponding to an oscillation period of
the movable mirror.

In a PLL circuit 202, the phase of the pulse sequence 1s
made synchronous with a reference position detecting signal
of the rotational direction of the photoconductor drum. The
reference position detecting signal 1s generated based on an
encoder of a drive motor for the photoconductor drum or a
detected resist mark on the transfer belt. A gain adjusting part
203 sets the oscillation amplitude of the movable mirror cor-
responding to an amount of speed variations (an amount of
speed variations at the writing position on the circumierential
surface of the photoconductor drum), and then the resulting
voltage 1s applied to the electrodes 204.

The pulse width generating part 201 1s capable of generat-
ing a pulse sequence whose frequency is varied over time and
a sporadic pulse. Thus, the pulse width generating part 201
can change the oscillation period of the movable mirror cor-
responding to correction data.

A supplemental description will now be given, with refer-
ence to FIG. 2, of the image forming part of the optical
scanner according to the present mvention.

The 10 lenses 133 and 134 are hybrid lenses 1n a sense that
the 10 lenses 133 and 134 are formed by attaching aspheric
components to glass-grinded spherical lenses by resin mold-
ing. On the other hand, the toroidal lenses 148 and 149 are
formed by injection molding.

Although toroidal lenses are provided corresponding to
cach of the photoconductor drums 121 through 124, all the
toroidal lenses have the same Conﬁguration as the toroidal
lens 138. Thus, the following description 1s focused on the
toroidal lens 138. The toroidal lens 138 comprises a lens part
152, a box-shaped rib part 154 for surrounding the lens part
152, and a flange part 153 that projects from both ends of the
box-shapedrib part 154 1in the main scanning direction. A gate
part 155, which 1s formed by 1njecting resin, 1s provided to
one end of the flange part 153.
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Since the toroidal lens 138 has a long body, the lens part
152 can have 1ts own peculiarity that 1s generated at formation
time. For example, the lens part 152 may be uniformly curved
due to differences of cooling time 1n local areas of the lens
part 152 after injection molding. For this reason, the four
toroidal lenses 148, 149 and others, which are provided cor-
responding to the photoconductor drums 121 through 124, are
disposed such that the gate parts of the toroidal lenses have the
same orientation and the curvatures thereof are similarly ori-
ented. In this configuration, 1t 1s possible to make curvature
directions of scanning lines, which are caused by the curva-
tures of the toroidal lenses, uniform to the individual photo-
conductor drums.

The flange part 153 has a flat plate body. In this configu-
ration, the flange part 153 has a sub-scanning directional
section modulus lower than that of the lens part 152 rein-
forced by the rib part 154 so as to absorb torsional stress. In
this fashion, 1t 1s possible to prevent the lens part 152 from
twisting largely by using the release stress against the tor-
sional stress.

A description will now be given, with reference to FIG. 10,
ol a correcting method for correcting the slope of a scanning
line.

FIG. 10 1s a diagram for explaining the correcting method
for correcting the slope of a scanning line wherein the toroidal
lens 138 1n FIG. 2 1s referred to as the different numeral 211.

For instance, when a scanning line for optically scanning
the photoconductor drum 121 1s inclined, this inclination 1s
corrected by rotating the toroidal lens 211 1n the optical axis
direction 1n a state where the toroidal lens 211 1s 1n contact
with the surface orthogonal to the optical axis.

The individual toroidal lenses 211 are disposed to face the
photoconductor drums 121 through 124, as illustrated in FI1G.
10, and are arranged on the bottom surface 210 (a base mem-
ber shared by the toroidal lenses 211) of a housing such that
the toroidal lenses 211 are uniformly ahgned with respect to
the optical axis direction and the sub-scanning direction. The
toroidal lenses 211 are positioned with respect to the main
scanning direction by catching projections 221, which project
toward the photoconductor drums, at the center of the toroidal
lenses 211 with concave parts 223 on the bottom surface 210
of the housing. The toroidal lenses 211 are connected to the
housing via the projections 221 and concave parts 223 on the
bottom surface 210 of the housing so as to be fixed with
respect to the main scanning direction.

The toroidal lenses 211 are depressed to eccentric cams
214 and 215, which are 1n contact with one side surface of
both ends of the flange parts 212, by first blade springs 225 so
as to be positioned with respect to the sub-scanming direction.
Also, the under surfaces of the toroidal lenses 211 are
depressed to a housing reference surface 222 by second blade
springs 224 so as to be positioned with respect to the optical
axis direction.

The eccentric cam 215 1s screwed at installation time to
serve as a relerence eccentric cam. On the other hand, the
other eccentric cam 214 1s used as an adjusting eccentric cam.
The eccentric cam 214 1s rotated via a pair of oblique tooth
gears 216 by a pulse motor 217. In this configuration, even 1f
the under surfaces of the toroidal lenses 211 are in contact
with the housing reference surfaces 222, the toroidal lenses
211 can be 1n1tially set to be aligned at scanning positions of
optical beams with respect to the sub-scanning direction by
using the reference eccentric cam 215. As a result, 1t 1s pos-
sible to adjust the slopes of the scanning lines by using the
adjusting eccentric cam 214. Additionally, 1t 1s possible to
detect and correct a sub-scanning directional slope due to
misalignment between the optical scanming parts or axial
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inclination of a photoconductor drum at any time based on a
recorded 1mage on the transier belt.

In this embodiment, a black 1mage 1s set as the reference
color image, and the other color images are adjusted relative
to the reference color image. Thus, the optical scanner for
writing the black image 1s configured such that eccentric
cams 1n contact with the toroidal lens 211 for the photocon-
ductor drum 121 are fixed with screws.

Alternatively, the reference eccentric cam 215 may be con-
figured to be rotated by a pulse motor like the adjusting
eccentric cam 214. Thereby, 1t 1s also possible to correct the
above-mentioned resist position with respect to the sub-scan-
ning direction.

A description will now be given, with reference to FIGS.
11A and 11B, of a correction method for correcting curvature
of a scanning line. FIGS. 11A and 11B are diagrams for
explaining a correction method for correcting curvature of a
scanning line.

As discussed associated with the image forming apparatus
in FIG. 2, optical beams enter a same surface of a polygon
mirror and are detlected so as to optically scan different
photoconductor drums. Since the deflected optical beams
cross around the surface of the polygon mirror with respect to
the sub-scanning direction, the optical beams are 1inclined to
a plane orthogonal to the rotational axis of the polygon mirror.
Thus, the scanning line 1s not linear and 1s curved more
greatly at an end 1n the sub-scanning direction than at the
center.

The scanning line may be curved due to an axial difference
between the 10 lens and the toroidal lens, which serve as the
image forming parts. In this embodiment, the curved scan-
ning line on a photoconductor drum 1s made linear by curving,
the toroidal lens 211 inversely to the curvature of the curved
scanning line.

This correction process 1s described by using the toroidal
lens 211 as an example with reference to FIGS. 11A and 11B
and FIGS. 12A and 12B. FIGS. 12A and 12B show the sup-

ported toroidal lens.

As shown 1 FIGS. 12A and 12B, the flange parts 212,
which are provided at both ends of the toroidal lens 211, 1s in
contact with the housing reference surface 222 so as to sup-
port the toroidal lens 211. As seen from a cross-sectional view
of the toroidal lens 211 in FIG. 12B, the toroidal lens 211 1s
supported without any constraint to the lens part with respect
to the sub-scanning direction.

As shown 1n FIGS. 11A and 11B, an arch-shaped shape-

memory metal plate 218 1s connected at both ends thereof to
one of the rib part 212 of the toroidal lens 211.

As shown 1n FIG. 10, a thin-film resistor 219 1s attached to
a portion of the outer surface of the shape-memory metal plate
218. By controlling electric power supplied to the thin-film
resistor 219, 1t 1s possible to change the temperature of the
shape-memory metal plate 218. The curvature of the shape-
memory metal plate 218 can be arbitrarily changed depend-
ing on the temperature, resulting 1n elastic stress. If the elastic
stress, which 1s generated by the curvature variations, aifects
the toroidal lens 211 in the main scanning direction, 1t 1s
possible to adjust the curvature of the toroidal lens 211.

In other words, when the shape-memory metal plate 218
expands (contracts), the toroidal lens 211 1s curved to be
convex (concave) toward the shape-memory metal plate 218.
I1 the shape-memory metal plate 218 1s made 1n advance to
memorize such a curvature that the elastic stress to either of
the two directions 1s generated at a lower temperature, 1t 1s
possible to correct the curvature of a curved scanning line,
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which 1s a focal line with respect to the sub-scanning direc-
tion, on a photoconductor drum through curvature offset even
at normal temperature.

Here, the shape-memory metal plate 218 and the thin-film
resistor 219 serve as a stress generating part.

If a scanning line 1s always curved in the same direction by
temperature variations, 1t 1s possible to set the curvature direc-
tion of the toroidal lens 211 in advance. As a result, 1t 1s

possible to effectively reduce the curvature of the scanming
line without the thin-film resistor 219.

Alternatively, 1 shape-memory metal plates 218 are pro-
vided to both outer surfaces of the rib part 212 with respect to
the sub-scanning direction, it 1s possible to offset the curva-
ture of the scanning line by properly taking a balance between
the two shape-memory metal plates 218.

In this configuration, the curvature may be adjusted by
attachuing a piezoelectric element to an arch-shaped plate. It 1s
noted that the plate does not have to be a shape-memory metal
plate 1n thus case. As long as compression stress with respect
to the main scanning direction 1s 1imposed between at least
arbitrary two points of the toroidal lens 211, it 1s possible to
obtain the similar correction efiect on the curvature of a
scanning line.

FIG. 13 shows an exemplary image forming apparatus in
which the above-mentioned optical scanner 1s installed
wherein the photoconductor drums 121 through 124 1n FI1G. 2

are collectively referred to as the numeral 241.

The most left photoconductor drum 241 (on which a black
image 1s written) 1n FIG. 13 1s described as an example. An
clectniiying charger 242, a developing roller 243, a toner
cartridge 244 and a cleaning case 245 are disposed 1n the
vicinity ol the photoconductor drum 241. The electrifying
charger 242 electrifies the photoconductor drum 241 at a high
voltage. The developing roller 243 makes an electrostatic
latent 1mage written by an optical scanner 240 visible by
attaching charged toners to the electrostatic latent image. The
toner cartridge 244 supplies toners to the developing roller
243. The cleaning case 245 cleans up and collects remaining
toners on the photoconductor drum 241 therein after a trans-
ferring process.

In the above-mentioned fashion, an image 1s written on the
photoconductor drum 241 by a multi-beam scanning opera-
tion using a plurality of scanning lines simultaneously per one
surface of a polygon mirror. In the above-mentioned embodi-
ment, five scanning lines are used simultaneously.

The four photoconductor drums 241 and the peripheral
devices are arranged parallel to the shifting direction of a
transier belt 246. Each color toner images of yellow, magenta,
cyan and black are sequentially transierred and superposed
onto the transfer belt 246 at an appropriate timing so as to
form a full color image.

A record paper (a recording medium) onto which a color
image 1s to be transierred and fused 1s delivered from a paper
tray 247 by a paper roller 248. A pair of resist rollers 249
delivers the record paper when an 1image starts to be recorded.
The full color image on the transfer belt 206 1s transferred
onto the delivered record paper. The transterred full color
image on the record paper 1s fused by fusing rollers 250 and
then 1s brought out 1n an output tray 251 by output rollers 252.

According to this embodiment, a difference of resist posi-
tions 1s detected from an 1mage recorded on the transier belt
125 as 1llustrated 1in FIG. 2. Based on the detection result, an
1lluminant to emit an optical beam for writing the head line 1s
selected. However, the image forming apparatus according to
the present mmvention i1s not limited to such selection. For
instance, the i1lluminant for writing the head line may be
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selected 1n the interior of the optical scanner through position
detection of optical beams with respect to the sub-scanning
direction.

A sensor part 230 in FIG. 10 detects the position of an
optical beam with respect to the sub-scanning direction. The
similarly configured sensor part 230 1s provided for each of
the photoconductor drums 121 through 124.

FI1G. 14 1s a diagram for explaining the sensor part 230 for
detecting the position of an optical beam with respect to the
sub-scanning direction.

The sensor part 230 has two PIN photodiodes 231 and 232
cach of which has a linear acceptance surface. As shown 1n
FIG. 14, the PIN photodiode 231 is disposed such that the
longitudinal axis of the acceptance surface thereof 1s parallel
to the sub-scanning direction, and the PIN photodiode 232 1s
disposed such that the longitudinal axis of the acceptance
surface thereof 1s inclined to the sub-scanning direction. For
cach of the photoconductor drum 121 through 124, the sensor
part 230 1s provided and 1s mounted on a position of a com-
mon surface 233 out of a writing area of an optical path from
the toroidal lens 211 to the photoconductor drum 121 as
illustrated in F1G. 10. The common substrate 233 1s fixed with
screws 236 on the housing bottom surface 210 at the reference
side of the above-mentioned slope adjustment of the toroidal
lens 211 and others.

As shown 1n FIG. 14, each of the scanning optical spots
L.D-1 through LD-5 i1s projected to have a predetermined
pitch with respect to the sub-scanning direction (the vertical
direction 1n FIG. 14) with the adjacent optical spots. Thus, the
optical spots LD-1 through LD-5 have different detection
time t1 through t5, respectively, between the PIN photodiodes
231 and 232, as illustrated in FIG. 14. If the optical spots
LD-1 through LD-5 are misaligned with respect to the sub-
scanning direction, the detection time differences t1 through
t5 are uniformly varied.

Accordingly, 11 an 1lluminant for forming an optical spot
whose time difference 1s the closest to a predetermined time
difference t; 1s selected, it 1s possible to achieve a minimum
amount of misalignment of the head line and maintain an
appropriate pitch between writing parts. Additionally,
although the sensor part 230 1s disposed at one end of the
bottom surface 210 of the housing in the above-mentioned
embodiment as illustrated i FIG. 10, two sensor parts 210
may be disposed at both ends of the bottom surface 210 with
respect to the main scanning direction so as to detect not only
misalignment with respect to the sub-scanning direction but
also slopes of scanning lines.

The housing for retaining optical elements of the optical
scanner 1s often formed of a material whose thermal expan-
sion coeldlicient 1s relatively large, for example, almi-diecast.
For this reason, when the temperature of the interior of the
housing rises, there 1s a risk that the housing bottom surface
210 may be curved, as illustrated 1n FIG. 15, 1n the lower
direction from fastening parts 218 at both ends thereof.

If the housing bottom surface 200 1s curved due to a tem-
perature 1ncrease, there arises a risk that braces 226 for sup-
porting the folding mirrors 112 and 114 (1335 and 156 n FIG.
2, respectively), which are mounted on the housing bottom
surface, may be also inclined. As a result, the reflection angle
of the folding mirrors 112 and 114 may have inappropriate
reflection angles. In this case, however, the folding mirrors
112 and 114 face each other. Thus, even if the reflection
angles are changed, the change of retlection angles can be
offset because the folding mirrors 112 and 114 are mutually
displaced 1n the inverse direction. As a result, 1t 1s possible to
elfectively reduce variations of optical spots due to the cur-
vature of the housing bottom surface 210.
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The misalignment of the reaching positions of the optical
beams 1s detected as a position difference of a scanning line
with respect to the sub-scanning direction. Thus, 1t 1s not
necessary to use the two folding mirrors 112 and 114 in the
above fashion. One folding mirror may guide an optical beam
deflected by the polygon mirror to the toroidal lens.

Additionally, although the convex surface of the toroidal
lens faces a photoconductor drum 1n this embodiment, the
concave surface of the toroidal lens may face the photocon-
ductor drum.

A description will now be given, with reference to FIG. 16,
ol an 1image forming apparatus according to another embodi-
ment of the present invention.

Retferring to FIG. 16, the image forming apparatus 1s a
tandem type color printer. Four photoconductor drums 301Y,
301M, 301C and 301B, which serve as image carriers, are
arranged along the shift direction of a transter belt 310, which
serves as a transferred member. The image forming apparatus
transiers different color toner 1mages formed on the photo-
conductor drums 301Y, 301M, 301C and 301B sequentially
onto the transier belt 310 so as to form a full color 1image.

For example, the photoconductor drum 301Y has an elec-
trifying charger 302Y, a developing roller 303Y, a toner car-
tridge 304Y and a cleaning case 305Y 1n the vicinity thereof.
The electritying charger 302Y electrifies the photoconductor
drum 301Y at a high voltage. In order to make the resulting
image visible, the developing roller 303Y attaches yellow
toners to an electrostatic latent image recorded by an optical
scanner 300. The toner cartridge 304Y supplies yellow toners
to the developing roller 303Y. The cleaning case 3035Y
removes and collects remaining toners on the photoconductor
drum 301Y. An 1image forming station for forming a yellow
image has the above-mentioned configuration.

In this configuration, a plurality of lines of a source image
(five lines 1n this embodiment) are stmultaneously recorded
on a photoconductor drum 301 for each surface of a polygon
mirror 306 as mentioned later. As shown 1n FIG. 16, the
above-mentioned image forming stations are arranged along
the shift direction of the transter belt 310 as the transtierred
member. Individual color toner 1mages, that 1s, a yellow (Y)
toner 1mage, a magenta (M) toner 1mage, a cyan (C) toner
image and a black (B) toner image, are sequentially trans-
terred and superposed onto the transfer belt 310 at an appro-
priate timing so as to form a full color image. Although the
yellow 1image forming station has been mtensively described,
it 1s understood that each of the other color 1mage forming
stations fundamentally has the same configuration as the yel-
low 1mage forming station except that different color toners
are used. Regarding the other color image forming stations,
thus, if the color indicative sullix Y 1s replaced with the other
color indicative suflixes M, C and B, the other color image
forming stations can be described 1n the similar fashion to the
above-mentioned yellow 1mage forming station and, there-
fore, a description thereof 1s omitted herein.

A record paper, which serves as a recording medium, 1s
delivered from a paper trey 314 by a feeding roller 315. Then,
a pair of resist rollers 316 sends the record paper 1n the
sub-scanning direction synchronously with a record start tim-
ing. A color image 1s transferred from the transfer belt 310
onto the record paper. The transierred record paper 1s fused by
a Tusing roller 317 and 1s supplied to an output trey 319 by a
pair of output rollers 318.

A description will now be given, with reference to FI1G. 17,
of cooperation between the individual photoconductor drums
301Y, 301M, 301C and 301B and the optical scanner 300. In
this embodiment, individual optical scanners for scannming
cach of the four photoconductor drums 301Y, 301M, 301C
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and 301B are integrally configured as the single optical scan-
ner 300. A polygon mirror 306 serves as a single deflecting
part and 1s operative for all optical beams toward the photo-
conductor drums 301Y, 301M, 301C and 301B.

Two 1lluminant units 330 and 331 serve as illuminant parts.
Each of the 1lluminant units 330 and 331 accommodates a pair
of semiconductor lasers for emitting optical beams to be
deflected on same surfaces of the polygon mirror 306. Each of
the 1lluminant units 330 and 331 emits optical beams to the
polygon mirror 306 such that the optical beams from the
1lluminant unit 330 enter the polygon mirror 306 opposite to
those from the i1lluminant unit 331. After being deflected by
the polygon mirror 306, the optical beams from the illuminant
units 330 and 331 travel in different directions as illustrated in
FIG. 17.

The optical beams from the i1lluminant units 330 and 331
arrtve at the polygon mirror 306 through movable mirror
modules 334 and 335, which serve as optical axis adjusting
parts, and are detlected 1n the directions opposite to each other
by the polygon mirror 306. As mentioned above, each of the
illuminant units 330 and 331 emits two optical beams from
the two semiconductor lasers therein such that the two optical
beams travel separately with respect to the vertical direction.
These optical beams, that 1s, the upper optical beams and the
lower optical beams, from the i1lluminant units 330 and 331
enter same cylinder lenses 332 and 333, respectively, sym-
metrically away from the center axes of the cylinder lenses
332 and 333.

After being detlected by the polygon mirror 306, the
deflected optical beams, which travel 1n the opposite direc-
tions each other, pass through similarly configured 10 lenses
336 and 337. As shown in FIG. 17, one of the two optical
beams from the 1lluminant unit 330 1s guided to the photo-
conductor drum 301Y wvia folding mirrors 338 and 339, and
the other optical beam 1s guided to the photoconductor drum
601M wvia folding mirrors 340 and 341. Two toroidal lenses
342 and 343 are separately prepared for each of the two
optical beams from the i1lluminant unit 330. On the other
hand, the two optical beams from the 1lluminant unit 331 are
guided to the photoconductor drums 301C and 301B 1n the
same fashion. An 1image forming part of the image forming
apparatus according to this embodiment comprises the 10

lenses 336 and 337, the folding mirrors 338, 339, 340 and
341, and the toroidal lenses 342 and 343.

A printed board 1s installed to the rear surface of each of the
1lluminant units 330 and 331. The printed board accommo-
dates the semiconductor lasers, a holder for holding coupling
lenses and a synthesizing prism, and a drive circuit for driving
the semiconductor lasers. The i1lluminant units 330 and 331
can be rotated on a cylinder part from which optical beams are
emitted to the exterior thereot, and thereby it 1s possible to
fine-tune the positions of the upper and the lower optical
beams with respect to the main scanning direction.

The 10 lenses 336 and 337 are hybrid lenses 1n a sense that
cach of the 10 lenses 336 and 337 1s formed by coupling a
thin-film aspheric component to a glass-grinded cylindrical
lens by resin forming. Each of the toroidal lenses 342 and 343
integrally comprises an injection-molded lens part 345, a
box-shaped rib part 348 to enclose the lens part 345, and a
flange part 346. The flange part 346 projects from both ends
of the rib part 348 with respect to main scanning direction. A
gate part 347 from which resin 1s injected at molding time 1s
provided to one end of the flange part 346.

Since the toroidal lenses 342 and 343 have wide bodies as
illustrated 1n FIG. 17, there 1s a risk that the bodies may be
uniformly curved depending on a condition of the molding.
For example, when the toroidal lenses 342 and 343 are cooled
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down after the 1njection process, the toroidal lenses 342 and
343 may be uniformly curved depending on differences of
cooling time 1n local areas of the bodies. For this reason, all
the toroidal lenses of the 1mage forming parts are uniformly
oriented to the gate parts 347 thereol. Furthermore, the flange
part 346 1s shaped as a flat body so as to have a lower section
modulus with respect to the sub-scanning direction than the
lens part 345 reinforced by the rib part 348. Thereby, even 1f
the toroidal lenses 342 and 343 receive some twist stress, 1t 1S
possible to absorb the twist stress at the flange part 346.

The photoconductor drums 301Y, 301M, 301C and 301B
are directly coupled to the axis of each motor and are rotated
at a same drive frequency 1n the rotational direction as indi-
cated by the curved arrows 1n FIG. 17. The transter belt 310 1s
tensioned under predetermined tensile force by a driving
roller 350 and two driven rollers 351 and 352. The driving
roller 350 1s rotated 1n the direction opposite to the photocon-
ductor drums 301Y, 301M, 301C and 301B by a motor 353
connected thereto.

In this embodiment, each of the photoconductor drums
301Y, 301M, 301C and 301B 1s 1n contact with the transfer
belt 310. The contact point is called as a transferring position.
The transferring position 1s set such that an interval between
adjacent transferring positions becomes an integer-multiple
of the circumierential length of the driving roller 350. As a
result, even 1f the driving roller 350 has a periodic speed
variation due to eccentricity thereof and other factors, it 1s
possible to apply the same phase of the periodic speed varia-
tion to each of the photoconductor drums 301Y, 301M, 301C
and 301B.

Furthermore, as shown 1n FIG. 17, three detectors 360 are
disposed at the center and the both ends of the transfer belt
310. The detectors 360 serve as resist difference detecting
parts to detect reference positions of individual color 1images
on the transfer belt 310.

Each of the detectors 360 comprises a CCD area sensor 361
and an objective lens 362. The detector 360 detects a cross-
shaped detection pattern whose lines are drawn parallel to the
main scanning direction and the sub-scanning direction as
illustrated 1n FIG. 17. The detection pattern 1s formed of color
toner 1mages of the reference color (black) and the other
colors (cyan, magenta and vellow). The three detectors 360
are capable of detecting an amount of a resist difference with
respect to the sub-scanning direction based on the sub-scan-
ning directional line of the cross-shaped detection pattern.
Additionally, the detectors 360 are capable of detecting the
slope of a scanning line based on a difference between two
cross points of the cross-shaped detection patterns at the both
ends of the transter belt 310. Furthermore, the detectors 360
are capable of detecting the curvature of a scanning line based
on a difference between the cross point of the detection pat-
tern placed at the center of the transier belt 310 and the middle
point of the two cross points of the detection patterns at the
both ends of the transfer belt 310.

FIG. 18 shows the structure of an optical scanning part,
which 1s a portion of the optical scanner 300, for the photo-
conductor drum 301Y 1n detail. Referning to FIG. 18, the
1lluminant unit 330 (331) comprises semiconductor lasers
371 and 372, coupling lenses 373 and 374 and a synthesizing
prism 375. Fach of the semiconductor lasers 371 and 372
exposes a photoconductor drum different from each other.
The synthesizing prism 375 comprises a parallelogram part
and a trapezium part.

Two optical beams from the semiconductor lasers 371 and
372 are converted 1nto parallel luminous fluxes by the cou-
pling lenses 373 and 374. The parallel luminous tlexes enter
the same surface of the synthesizing prism 375. The optical
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beam from the semiconductor laser 371 directly passes
through the synthesizing prism 373, and, on the other hand,
the optical from the semiconductor laser 372 1s retlected on a
pair of parallel reflection surfaces of the parallelogram part.
The reflected optical beam travels adjacently to the optical
beam from the semiconductor laser 371 such that the two
optical beams have a predetermined convergence angle with
respect to the sub-scanning direction.

After the two optical beams temporarily cross each other,
the optical beams enter a cylinder lens 332 from positions
away from the center axis of the cylinder lens 332, resulting 1n
parallel optical beams of an interval of about 3 mm with
respect to the sub-scanning direction. The optical beams enter
the polygon mirror 306 via amovable mirror module 334. The
movable mirror module 334 (335) serves as an optical axis
adjusting part for adjusting the optical axes of the optical
beams with respect to the sub-scanning direction through
rotation on a twisted beam thereot as the rotation axis. After
being deflected by the polygon mirror 306, one of the two
optical beams 1s focused as an optical spot on the photocon-
ductor drum 301Y via an 10 lens 336 and a toroidal lens 342.
The 10 lens 336 1s operative to the optical beam with respect
to the main scanning direction. The toroidal lens 342 1s opera-
tive to correct an optical face tangle error caused by the
polygon mirror 306.

During formation of an image, a constant voltage 1s being,
applied to the movable mirror module 334 (335) so as to
maintain movable mirrors 376 and 377 at predetermined
slope angles.

Each of the semiconductor lasers 371 and 372 includes a
plurality of illuminants. The i1lluminants are monolithically
arranged at a pitch d of 10-20 um. The i1lluminants may be
arranged as an array in the sub-scanning direction. For the
pitch d of the illuminants, 1f the above-mentioned image
forming optical system 1s designed such that the sub-scanning
lateral magnification 3 meets the formula;

p=F/d (F: pixel pitch),

it 1s possible to position optical spots at the pixel pitch P
corresponding to a recording density.

In this embodiment, since two optical beams from the 10
lens 336 are separated at a predetermined interval with
respect to the vertical direction, it 1s possible to guide the
optical beam from the semiconductor laser 371 to the photo-
conductor drum 301Y by using the folding mirrors 338 and
339. In FIG. 18, the optical path of the optical beam from the
semiconductor laser 372 are omitted. Although the movable
mirror module 334 (333) controls optical beams for two color
photoconductor drums, one movable mirror module may be
provided for each color.

For each optical scanning part of the optical scanner 300, a
synchronization detecting sensor 378 and an end detecting
sensor 379, which constitute an optical detecting part, are
disposed at the scanning start side and the scanning end side
ol an 1mage recorded area, respectively. The synchronization
detecting sensor 378 detects a writing start timing with
respect to the main scanning direction. Through measurement
of scanning time between the both sensors, a change of an
image width (width magnification) 1s detected. Image fre-
quency for modulating the semiconductor laser 371 1s multi-
plied inversely to the detected 1mage width so as to make the
image width constant. As shown 1n FIG. 18, mirrors 380 and
381 are provided to guide the optical beam to the synchroni-
zation detecting sensor 378 and the end detecting sensor 379,
respectively.
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As shown in FI1G. 19, each of the synchronization detecting
sensor 378 and the end detecting sensor 379 comprises a
photodiode 391 orthogonal to the main scanning direction
and a photodiode 392 that 1s not parallel to the main scanning
direction. Just when an optical beam passes through an edge
of the photodiode 391 of the synchromization detecting sensor
378/the end detecting sensor 379, a synchromization detecting
signal/an ending detecting signal 1s generated. In order to find
a sub-scanning directional position difference Ay of the opti-
cal beam, a difference At of passage time from the photodiode
391 to the photo diode 392 1s measured.

Here, the sub-scanning directional position difference Ay
1s represented by the following formula;

Ay=(V/tan v)-At,

where v 1s the slope angle of the photodiode 392, and V 15 a
scanning speed of the optical beam. If At 1s constant, 1t can be
concluded that there 1s no position difference with respect to
the sub-scanning direction. In this embodiment, Ay 1s com-
puted as the average of values at the scanning start side and
the scanning end side.

As shown i FIGS. 20A and 20B, the synchronization
detecting sensor 378 and the ending detecting sensor 379
(optical detecting sensors) are supported by a mounting sur-
face 410. FIG. 20A shows an exemplary optical detecting
sensor that 1s 1nstalled horizontally to the mounting surface
410, and FIG. 20B shows an exemplary optical detecting
sensor that 1s installed orthogonally to the mounting surface
410. In the following, the horizontally 1installed optical detect-
ing sensor in FIG. 27A 1s focused.

The synchromization detecting sensor 378 (or the end
detecting sensor 379) 1s screwed on a substrate 402 with an
L-shaped resin holder 403. A step part 412 of an 1mage
forming lens 403 1s caught to a square hole 404 with a pair of
snaps 406 such that the synchronization detecting sensor 378
1s oriented to the same direction as the optical axis of the
image forming lens 405.

As shown in FIG. 20A, areference hole 407 and a long hole
408 are provided on the bottom surface of the holder 403 so as
to be positioned at backward and forward sides of the scan-
ning direction, as indicated by the arrow, respectively, with
respect to the center of the synchromzation detecting sensor
378. A pin 411 1s formed to project from the mounting surface
410 of an optical housing. The pin 411 is inserted into the long
hole 408, and the holder 403 1s screwed to the mounting
surface 410 via the reference hole 407. Here, the end detect-
ing sensor 379 has a holder that 1s configured symmetrically
to the holder 403 for the synchronization detecting sensor
378.

The holder 403 1s formed of a material that satisfies the
following formula;

sx=S-H,

where s 1s a thermal expansion coeflicient of the holder 403,
X 1s a distance between the synchronization detecting sensor
378 and the reference hole 407, S 1s a thermal expansion
coellicient of the optical housing, and H 1s a distance between
the center of an 1mage with respect to the main scanmng
direction and the synchronization detecting sensor 113,
which 1s a synchronization 1mage height 1n this embodiment.
Under this selection, even 1f the optical housing, which 1s
formed of almi-diecast 1in this embodiment, extends due to
temperature variations, the synchronization detecting sensor
3778 has a steady sensor position. If S<s, a position difference
1s not large and therefore 1t 1s possible to detect variations of
an 1mage width with high accuracy.
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In this embodiment, a hybrid lens 1s adopted as the 10 lens
336. The 10 lens 336 1s mainly formed of a glass-grinded lens
whose focal distance slightly varies in response to tempera-
ture variations. Alternatively, 11 a resin molded lens 1s used as
the 10 lens 336, the focal distance varies, especially, due to
refractive index varnations and thermal expansion.

A change AT of the focal distance 1s represented by the
following formula;

AF{(An=K)/(n=1)}-FAT,

where An1s a change of the refractive index of a resin material
due to temperature, k 1s a thermal expansion coelficient, n 1s
the refractive index of the resin matenal, 1 1s a focal distance
of all systems, and AT 1s a change of temperature.

Therelore, a difference AO of a scanning angle detected at
a synchronization detecting position 1s represented by the
following formula;

AO={1/(1410-AT)-1}-(H/f).

where n0 1s a temperature coellicient of the focal distance and
n0=(An-k)/(n-1), and H 1s a synchronization image height.
The writing position has a difference corresponding to 1-AQ.
However, iI the distance x between the synchronization
detecting sensor 378 and the reference hole 407 and the
thermal expansion coellicient s of the holder 403 are set to
satisty the following formula;

sx=n0-H

it 15 possible to cancel the writing position difference because
ol free expansion of the holder 403. Although the position
difference due to varniations of the focal distance 1s smaller
than the above-mentioned position difference due to the opti-
cal housing, the 10 lens 336 may be designed under consid-
eration of combination of these position difference.

A description will now be given, with reference to FIG. 21,
ol the structure of the movable mirror modules 334 and 335.
The movable mirror module 334, (335) has a plurality of
vibration modes (two modes 1n this embodiment) on a support
substrate 421 shaped of a sintered metal. A first movable
mirror 376 and a second movable mirror 377 are provided to
the movable mirror module 334 (335) so as to be arranged
parallel to the sub-scanning direction. The movable mirror
module 334 (335) is sealed by a cap-shaped cover 425. An
optical beam travels through a glass window 424 on an aper-
ture of the cover 425.

A movable mirror substrate 1s configured by joining two Si1
substrates 426 and 427 via an insulation film. The first S1
substrate 426 1s formed of an Si1 substrate of 60 um 1n thick-
ness. As shown 1n FIG. 21, the first movable mirror 376, the
second movable mirror 377, a first twisted beam 428 for
supporting the first movable mirror 376 and a second twisted
beam 429 for supporting the second movable mirror 377 are
formed by etching on a fixing frame 430. The first twisted
beam 428 and the second twisted beam 429 are disposed
parallel to the main scanning direction.

A shown 1n FIG. 21, teeth are formed at both edge parts of
the movable mirrors 376 and 377. Teeth are formed at the
opposite side of the fixing frame 430 to the teeth of the
movable mirrors 376 and 377 so as to engage the teeth of the
fixing frame 430 with the teeth of the movable mirrors 376
and 377.

A metal film such as Au 1s deposited on the surfaces of the
movable mirrors 376 and 377 and the teeth of the fixing frame
430. The teeth of both edges of the movable mirrors 376 and
3777 serve as a first and a second movable electrodes, respec-
tively. The teeth of the fixing frame 430 opposite to the first
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and the second movable electrodes serve as a first and a
second fixed electrodes, respectively. The surfaces of the
movable mirrors 376 and 377 are deposited with an oxide film
or the like so as to have a stress difference between the front
and the back surfaces of the substrate. Thereby, the twisted
beams 428 and 429 are twisted so that the movable mirrors
376 and 377 can be inclined on more than predetermined
angle at unloaded time. When a voltage 1s applied to the first
and the second fixed electrodes, electrostatic force 1s gener-
ated between the fixed electrodes and the opposite movable
electrodes. As a result, the movable mirrors 376 and 377 are
separately rotated by small angles 1n a direction where the
movable mirrors 376 and 377 are horizontally orientated, and
the slopes of the movable mirrors 376 and 377 are determined
to be balanced with the twisted beams 428 and 429, respec-
tively.

In this embodiment, it 1s possible to shiit a scanning posi-

tion by about 5 um per the slope angle of 1' of the movable
mirrors 376 and 377.

As mentioned later, as the twisted beams 428 and 429 have
a smaller width ¢ and a greater length L, the swing angle 0 of
the movable mirrors 376 and 377 becomes greater. However,
if a resonance frequency 1s low, the twisted beams 428 and
429 resonate due to vibration transmission mvolved in rota-
tion of a drive motor and others. Therefore, 1t 1s preferable that
the twisted beams 428 and 429 be set to have a suiliciently
high resonance frequency (more than 200 Hz).

It 1s supposed that the movable mirrors 376 and 377 have
2a a 1n length, 256 1n width and d in height and the twisted
beams 428 and 429 have L in length and ¢ 1n width. Then, the
spring constant K of the twisted beams 428 and 429 1s given
by the following formula;

K=(GRL){cd(c*+d*)/12},

where (G 1s a material constant.

On the other hand, electrostatic force F between the elec-
trodes 1s given by the following formula;

F=EHV?/2 b,

where € 1s a dielectric constant of air, H 1s a length of the
clectrodes, V 1s an applied voltage, and 6 1s a distance
between the electrodes. A rotation torque T for driving the
movable mirrors 376 and 378 1s given by the following for-
mula;

1=I"26b.

Thus, the swing angle 0 1s represented by the following
formulae:

0=1/K=B-bH-V*/0-{cd(c*+d*)/L},

where B 1s a constant.

As a result, when the applied voltage V 1s controlled, it 1s
possible to set the swing angle 0 as a predetermined value.

From the above formulae, 1t 1s concluded that as the elec-
trode length H 1s larger, the swing angle 0 1s greater. As a
result, as the electrodes are formed as teeth as 1n this embodi-
ment, 1t 1s possible to obtain 2n torque for the number n of
teeth. In order to enhance response, furthermore, a moment of
inertia 1s attempted to be reduced. In order to reduce the
moment of 1nertia, 1t1s necessary to decrease the weight of the
movable mirrors 376 and 377 by cutting off the back side of
the movable mirrors 376 and 377. In order to minimize intlu-
ences of viscous resistance of air such as damping, the mov-
able mirrors 376 and 377 are sealed with the cover 425 so that
the sealed interior can have low pressure.
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The second substrate 427 1s formed of an Si1 substrate of
200 um 1n thickness. The second substrate 427 supports a
support part of the first S1 substrate 426 through the center
aperture thereot as illustrated in FIG. 21. The center aperture
provides a swing area for the movable mirrors 376 and 377.
Lead terminals 432 are inserted into the support substrate 421
via an insulation member. Pad parts 433, which are connected
to 1individual fixed electrodes on the substrate surface, are
connected to terminal parts, which project toward the upper
sides of the lead terminals 432, by wire bonding. Thereby,
clectric wiring between the interior and the exterior of the
sealed package 1s implemented.

The cover 425 1s embedded 1n the stepping part formed
around the circumierence of the support substrate 421. The
glass window 424 1s coupled to the aperture from the 1nner
side of the cover 425. Although the movable mirrors 376 and
377 are driven by electrostatic force according to the above-
mentioned embodiment, the movable mirrors 376 and 377
may be driven by a piezoelectric element and the like.

FIG. 22 shows a relation between the writing position and
the transierring position on the photoconductor drum 301.

In FIG. 22, the notation O represents the rotational center
of the photoconductor drum 301. The angle between the
writing position and the transferring position 1s set as o.. As a
result, 11 the photoconductor drum 301 1s rotated at a prede-
termined angular velocity, the photoconductor drum 301 1s
rotated at a constant time t from the writing position to the
transierring position.

Based on the above-mentioned detection pattern, the 1ndi-
vidual color resist positions with respect to the sub-scanning,
direction are detected. For each resist position, the writing
timing 1s periodically adjusted per a pitch P of a scanning line
for every other surface of the polygon mirror 306 so as to align
the resist positions with respect to the sub-scanning direction.
Then, the diameter D of the photoconductor drum 301 1s
represented by the following formula;

Da/2=N-P+AF,

where N 1s a natural number, and AP 1s a writing start timing,
difference due to a phase difference between synchronization
detecting timings. Also, transierring position iterval B
between each of the color photoconductor drums and the
reference color photoconductor drum are given by the follow-
ing formula;

bB=M-P+AF,

where M 1s a natural number.

Thus, even 11 D, o and B are difterent from each other, 1t 1s
possible to make the rotational speed constant. As long as the
writing position 1s not changed, only the difference AP
between the individual writing start timings persists.

The difference AP 1s at most half an pitch, thatis, AP=P/2,
and the optical axis of an optical beam 1s shifted in the sub-
scanning direction by AP by using the movable mirrors 376
and 377 to make the difference AP zero.

Meanwhile, a semiconductor laser array, on which five
1lluminants are monolithically formed, 1s used 1n this embodi-
ment to simultaneously scan five lines for each surface of the
polygon mirror 306. Also, in this case, the writing start tim-
ings are adjusted in the same fashion.

As shownin FIG. 23, a plurality of beam spots are arranged
at the pitch P on a photoconductor drum 301 corresponding to
the recording density with respect to the sub-scanning direc-
tion. An optical beam for writing the head position is selected
among a plurality of optical beams LD-1, LD-2, LD-3, LD-4
and L.D-5 all of which are reflected on a same surface of the
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polygon mirror 306. In this selection, the optical beam that
has the smallest difference with a reference color resist pOSl-
tion (right side) 1s selected, that is, the optical beam LID-4 1s
selected 1n FIG. 23. Theretore, only the writing start timing
difference AP persists 1n this case. In FIG. 23, the notations N
and N+1 indicate the surface number of the polygon mirror
306.

FIG. 24 1s a block diagram of a control mechanism for
correcting a difference of writing starting timings. Every five
lines of 1mage data are distributed by a first multiplexer. The
lines are temporarily stored 1n a buifer memory. Based on
reference position data, a second multiplexer selects an opti-
cal beam for writing the head row and switches the current
control 1nto the semiconductor laser emitting the selected
optical beam.

The stored data are read from the butler memory synchro-
nously with a synchronizing signal for each surface of the
polygon mirror 306. Data that have not been recorded on this
surface of the polygon mirror 306 are stored until the next
surface of the polygon mirror 306, and then the data are
recorded at the next surface of the polygon mirror 306.

At this time, a writing control part resets a writing start
timing of an 1image with respect to the main scanning direc-
tion for each 1mage forming station by using a synchroniza-
tion detecting signal as a trigger. The writing control part
determines the writing start timing based on detection of
resist positions with respect to the main scanning direction
such that the center position of an image area for the reference
color coincides with the center positions of 1image areas for
the other individual colors. As a result, it 1s possible to prop-
erly superpose the individual image areas.

The above-mentioned sub-scanning and the main scanning,
resist positions are periodically set suitably to an environment
of an 1mage forming apparatus during start-up time before
printing or a waiting time between jobs.

In this embodiment, the above-mentioned detection
method of a resist position difference uses an 1image recorded
on the transfer belt 310. However, the detection method of a
resist position difference 1s not limited to the above-men-
tioned fashion based on the image on the transter belt 310. For
instance, the sensor as shown in FI1G. 19 may be used to detect
the sub-scanning position of an optical beam 1n the optical
scanner, and the optical beam that 1s the closest to a predeter-
mined reference value of the time difference At may be
selected as the optical beam for writing the head row.

Since each of the optical beams LD-1, LD-2, LD-3, LD-4
and LD-5 scans away each other at a predetermined pitch with
respect to the sub-scanning direction, differences t1 through
t5 of detection time between the PIN photodiodes 391 and
392 are different from each other. If the sub-scanning position
1s misaligned, these differences t1 through t5 increase or
decrease uniformly. Therefore, by selecting the optical beam
closest to a predetermined reference value of the time differ-
ence At and inclining the movable mirrors 376 and 377 so as
to coimncide with the reference value of At, 1t 1s possible to
make the position difference of the head row approximately O
and maintain constant intervals between the individual color
scanning positions.

For each image forming station, the synchronization
detecting sensor 378 and the end detecting sensor 379 are
supported in the optical housing by the holder 403. In order to
guide optical beams to the synchronization detecting sensor
378 and the end detecting sensor 379, as shown 1n FIG. 18, the
optical beams are folded at the both ends out of the writing
area ol the optical path between the toroidal lens 342 and the
photoconductor drum 301Y by the mirrors 380 and 381

mounted to the optical housing.
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FIG. 25 1s a block diagram of a drive circuit for driving the
movable mirrors 376 and 377. Referring to FIG. 25, a voltage
applied to individual electrodes 1s increased or decreased by
the gain adjusting part depending on the time difference At
detected by the above-mentioned sensors 378 and 379. The
slopes of the movable mirrors 376 and 377 are feedback-
controlled such that the time difference At coincides with the
predetermined reference value thereof.

Also, the gain adjusting part periodically resets the refer-
ence value of the time difference At based on a resist differ-

ence 0 detected through a detection pattern recorded on the
transier belt 310.

In this embodiment, since the sensors 378 and 379 are
disposed 1n the vicinity of the photoconductor drum 301, the
resist difference o 1s approximately 1n proportion to the time
difference At. Thus, the time difference At 1s determined
based on the following formula;

At=j-0,

where 7 1s a predetermined coetlicient.

[

Therefore, 1t 1s also possible to prevent the resist difference
on the photoconductor drum 301. Here, the slopes of the
movable mirrors 376 and 377 are set when the power supply
1s switched ON or between printing jobs. At least, when an
image 1s recorded, a voltage 1s applied to maintain the slopes
that have been set 1n advance.

As mentioned above, the optical scanner according to this
embodiment periodically resets the time difference At based
on the detected resist difference on the transfer belt 310 and
monitors for the resist positions with respect to the sub-
scanning direction by using the sensors 378 and 379 1n the
optical housing.

FIG. 26 A shows an exemplary vanation of a recording
pitch on an 1mage with respect to the sub-scanning direction.
This variation 1s generated, for example, from a composite of
large undulations in FIG. 26B and a small undulations 1n FIG.
26C. The large undulations 1n FI1G. 26B are caused by a speed
variation ol the photoconductor drum 301 per the period of
one rotation thereof, and the small undulations in FIG. 26C
are caused by a speed variation of the transier belt 310 per the
period of one rotation of the driving roller 350. Even 1t indi-
vidual writing timings coincide with each other, the resist
positions are periodically varied due to the speed vanations.

In order to reduce the resist difference due to the speed
variations, the individual color transferring positions are con-
ventionally set to have intervals (station intervals) equal to an
integral multiple of the circumierential lengths of both the
photoconductor drum 301 and the driving roller 350. As a
result, 1t 1s possible to make the circumierential speeds of the
photoconductor drums 301 and the transfer belt 310 at the
transierring position equal for each color at transterring time.

Similarly, 1t 1s impossible to take an accurate measurement
at the resist detecting positions 1f the individual color circum-
terential speeds do not coincide with each other. In particular,
if the shift speed of the transier belt 310 1s used to compute a
difference, the difference between the circumierential speeds
cannot be 1gnored.

For this reason, the optical scanner according to this
embodiment can set a distance between the transierring posi-
tions and the resist detecting positions of the individual image
forming stations, that 1s,

I=C+kB, k=0, 1,2, 3,
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to an integral multiple of the circumierential length of the
driving roller 350. As a result, 1t 1s possible to make the
circumierential speed of the transfer belt 310 equal for each
color at detecting time.

Heretotore, the description has been focused on the case of
uniform difference of the resist positions. However, even 1t
the transfer belt 310 moves at periodically changing speeds
due to speed vanations of the driving roller 350, 1t 1s possible
to eliminate resist position differences under the same con-
figuration of the optical scanner according to the present
invention.

In the above description, 1t has been demonstrated that a
difference of resist positions that 1s regularly caused can be
suppressed by designing arrangement. However, there may
be a difference of resist positions that 1s 1rregularly caused by
load variations of the driven rollers 351 and 352 that are used
to tension the transfer belt 310. According to the present
ivention, 1t 1s also possible to effectively correct such an
irregular difference of resist positions.

In this case, an amplitude and a frequency are detected by
forming an encoder of the motor 353 coupled to the driving
roller 350 and a caterpillar pattern on the transfer belt 310.
Then, the detected amplitude and frequency are supplied to
the gain adjusting part for controlling the movable mirrors
376 and 377 so that the movable mirrors 376 and 377 can
oscillate at a constant frequency. When phases are adjusted
such that scanning positions have polarities inversed to the
speed variation, 1t 1s possible to cancel variations of resist
positions due to the speed variation.

Here, it 1s possible to make the phases uniform by forming
a resist mark at one point on the transter belt 310.

A description will now be given, with reference to FI1G. 27,
ol a correction mechanism for correcting the slope and the
curvature of a scanning line. FIG. 27 1s an exploded perspec-
tive view of the correction mechanism from the photoconduc-
tor drum 601 to the bottom surface of the optical housing.

A toroidal lens 342 (343) 1s disposed on the bottom surface
of the optical housing to face the photoconductor drum 301.
Each of the toroidal lenses are uniformly oriented with
respect to optical axis direction and the sub-scanning direc-
tion each other. A protrusion 3485 at the center of a box-
shaped rib part 648 1s coupled to a concave part 503 of the
optical housing. Regarding the main scanning direction (lon-
gitudinal axis direction), the optical axis direction of the
toroidal lens 342 1s determined by placing the undersurfaces
of flange parts 346, which are provided at the both ends of the
rib part 348, on reference surfaces 505 as illustrated 1n FIG.
277. Regarding the sub-scanming direction, one end of the nib
part 348 1s 1n contact with a reference block part 506 1n the
optical housing. The other end of the rib part 348 1s 1n contact
with a movable block part 508 coupled to a stepping motor
507. The movable block part 508 can move parallel to the
bottom surface of the optical housing. A blade spring 509
provides a pressure 1n the optical axis direction and the sub-
scanning direction.

A feed screw 510 1s formed on the axis of the stepping
motor 507 so as to couple a D-shaped cylinder part 511 on the
movable block part 508. The D-shaped cylinder part 511 1s
inserted into a D-shaped hole 514 of a motor support member
512 and 1s screwed to a perpendicular surface 513. Thereby, 1t
1s possible to shift a block position of the movable block part
508 against the toroidal lens 342 (343) by pulling or pushing
the D-shaped cylinder part 511 1n the axis direction through
rotation of the motor.

In this configuration, since the toroidal lens 342 (343) 1s
rotated on a plane orthogonal to the optical axis by using the
reference block side as a fulcrum and the slope of the focal
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line of the toroidal lens 342 (343) 1s changed, it 1s possible to
adjust the slope of a scanning line.

The toroidal lenses for forming the other color 1mages
except black are configured to have the same mechamism by
aligning the reference block sides thereof. Based on a detec-
tion result detected by the detectors 360, the other color
scanning lines are aligned parallel to each other with refer-
ence to the scanning line for black. In FI1G. 27, mounting parts
523 of folding mirrors 1s provided on the bottom surface of
the optical housing.

A description will now be given of a curvature correction
mechanism for correcting the curvature of a scanning line.

As shown 1n FIG. 27, a paitr of a first metal plate 516 and a
second metal plate 517 are provided to the surface opposite to
the sub-scanning directional block of the box-shaped rib part
348 of the toroidal lens 342 (343). As shown 1n FIG. 27, the
first metal plate 516 1s knob-shaped, and the second metal
plate 517 has curved ends.

The first metal plate 516 1s supported by catching bent parts
518, which are provided to four corners thereof, to concave
parts 348a of the box-shaped rib part 348. An adjusting screw
521 1s inserted nto a center hole 520, and thereby the first
metal plate 516 1s pulled to the second metal plate 517 via the
center hole 520. Then, since the curved ends are in contact
with the 1mner surfaces of a slope part 522, 1t 1s possible to
adjust the slope angle of the slope part 522. When compres-
stve force or tensile force 1s provided between the bent parts
518 of the box-shaped rib part 348 with respect to the longi-
tudinal axis direction, it 1s possible to curve the focal line of
the toroidal lens 342 (343) 1n the sub-scanning direction.

In detail, when compressive force 1s provided, the toroidal
lens 342 (342) 1s concave toward the pair of the metal plates
516 and 517. In contrast, when tensile force 1s provided, the
toroidal lens 342 (343) 1s convex toward the pair of the metal
plates 516 and 517. For all colors including black, the toroidal
lenses are provided to have the above-mentioned configura-
tion. In this configuration, the toroidal lens 1s capable of
correcting the curvature of a scanning line involved in
obliquely 1ncident optical beams to the polygon mirror 306.
Furthermore, the toroidal lens 1s capable of also correcting the
curvature of a scanning line due to placement errors of optical
clements constituting the optical scanner. As a result, 1t 1s
possible to improve linearity of the optical beams.

Here, when the detectors 360 detect a difference between
resist positions with respect to the main scanning direction or
the sub-scanning direction, 1t 1s suilicient to correct the dii-
ference between resist positions just by correcting timings for
writing 1mages. Therefore, 1t 1s possible to superpose 1ndi-
vidual 1mages recorded by the image forming stations with
high accuracy and form a high-quality full color image with-
out any color displacement.

In the above-mentioned embodiments, two movable mirror
modules 334 and 335 are provided as the optical axis adjust-
ing part. However, the optical axis adjusting part may be
configured as a single movable mirror module integrally
including all movable mirrors corresponding to four image
forming stations.

FIG. 28 shows an exemplary single movable mirror mod-
ule 550 that integrally accommodates four movable mirrors
corresponding to four image forming stations wherein the

movable mirrors are arranged as a hound’s-tooth pattern as
illustrated.

In the above-mentioned embodiment, the optical scanner
300 1n FIG. 17 1s configured such that the polygon mirror 306
deflects optical beams 1n two directions by simultaneously
using two surfaces thereotf. In an optical scanner according to
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this embodiment, a polygon mirror 351 detlects optical beams
by simultaneously using just one surface thereof as 1llustrated
in FIG. 28.

Four optical beams from semiconductor lasers 5352, 553,
554 and 555 pass through coupling lenses 556, 557, 558 and
559, respectively, and then enter a synthesizing prism 560,
which can be rotated on the optical axis thereof by a prede-
termined angle. The optical beams enter one surface of the
polygon mirror 551. In the vicimty of the surface of the
polygon mirror 351, the optical beams cross each other with
respect to the main scanning direction and travel at a prede-
termined pitch parallel to each other with respect to the sub-
scanning direction. A common 10 lens 561 1s prepared for the
four optical beams. A plurality of folding mirrors are disposed
such that the four optical beams have an equal optical path
length.

In the above-mentioned embodiments, the movable mir-
rors are used as the optical axis adjusting part according to the
present invention. However, the optical axis adjusting part 1s
not limited to the movable mirrors. The optical axis adjusting
part may comprise anything that can adjust the optical axis of
an optical beam with respect to the sub-scanning direction. As
shown 1n FIG. 29, a substrate 570 in which liquid crystal 1s
enclosed may be provided in an optical path between an
illuminant and a polygon mirror. By applying an electric field
to the liquad crystal and changing the orientation of the liquid
crystal, an 1incident optical beam may be variably deflected.
Specifically, a deflector as disclosed 1n Japanese Laid-Open
Patent Application No. 08-313941 can be used as such an
optical axis adjusting part.

FIG. 30 shows an 1image forming part of an 1image forming
apparatus according to one embodiment of the present inven-
tion wherein the 1image forming part comprises an optical
scanner, drum-shaped image carriers 600K, 600C, 600M and
600Y (hereinafter referred to as photoconductor drums) and a
transier belt 605.

Referring to FIG. 30, each of the photoconductor drum
600K, 600C, 600M and 600Y has processing members 1n
accordance with an electrophotographic process in the vicin-
ity thereof. For example, the processing members are an
clectrifying part and a cleaning part for removing remaining
toners on a photoconductor drum after a transferring process.
Additionally, for example, a paper feeding part 1s disposed
below the undersurface of the transfer belt 605 to face the
photoconductors 600K, 600C, 600M and 600Y. The paper
feeding part comprises a paper feeding cassette to accommo-
date and supply recording media (hereinaiter referred to as
record papers). Furthermore, a transferring part 1s disposed at
the mner side of the transier belt 605 to face the photocon-
ductor drums 600K, 600C, 600M and 600Y. A belt electriiy-
ing part, 1s disposed at the upstream side of the rotational
direction of the transier belt 605, which 1s indicated by an
arrow 11 FI1G. 30. On the other hand, a belt separating charger,
a fusing part and the like are disposed at the downstream side
ol the rotational direction of the transter belt 605. These parts
are known to those skilled 1n the art and are configured
according to FIG. 35 to be mentioned later. For simplicity,
these parts are omitted in FIG. 30.

A description will now be given, with reference to FIG. 30,
of a tandem type color image forming apparatus for forming
a color image. In this tandem type 1image forming apparatus,
an optical scanner exposes the plurality of photoconductors
600K, 600C, 600M and 600Y so as to form individual simple
color latent 1images to be developed. After being developed,
the resulting individual visible images on the photoconduc-
tors 600K, 600C, 600M and 600Y are superposed and trans-

terred onto the transter belt 605 sequentially. Then, all the
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transierred 1mages on the transier belt 605 are simultaneously
transierred onto a same record paper so as to form a full color
1mage.

Whenever a predetermined number of record papers are
printed, the optical scanner emits an optical beam, which 1s
called a laser beam or scanning beam, to form a toner image
for detecting color displacement. Based on three color dis-
placement detecting toner images 631 on the transier belt 605
as 1llustrated 1n FIG. 15, a color displacement detecting sen-
sor 630 detects color displacement.

The optical scanner 1s configured as a unit such that a (not
illustrated) box-shaped optical housing includes optical scan-
ning image forming systems that comprises an illuminant unit
610 to be mentioned later, a polygon mirror 613, various
lenses 612 and 614, mirrors 615M, a writing start position
correcting part 611, beam spot position detecting parts 625a
and 6255, which serve as position difference detecting parts.
The optical scanner 1s disposed above photoconductors 600,
600M, 600C and 600K. The writing start position correcting
part 611 includes a lead screw type actuator, which 1s driven
by a stepping motor, to be mentioned later as a rotation
adjusting part for controlling a wedge-shaped prism.

Here, the color displacement detecting sensor 630, which
1s installed 1n the image forming apparatus, 1s also used as the
position difference detecting part to detect an amount to be
corrected by the writing start position correcting part 611.
The color displacement detecting sensor 630 may be used
together with the beam spot position detecting parts 625a and
625b. In this case, the color displacement detecting sensor
630 1s used to roughly correct a position difference, and the
beam spot position detecting parts 625aq and 6255 are used to
finely correct the position difference. Based on misalignment
detection results, the writing start position correcting part 611
corrects and controls the position of an optical spot on a
photoconductor during writing of image data.

The four photoconductor drums 600Y, 600M, 600C and
600K offer surfaces to be scanned by optical beams emitted
from the optical scanner. The photoconductor drums 600Y,
600M, 600C and 600K are linearly arranged and rotationally
driven. The optical scanner emits optical beams toward the
individual photoconductor drums 600Y, 600M, 600C and
600K so as to form latent 1mages thereon. Then, the 1ndi-
vidual color latent 1mages are developed as different color
toner 1mages on the photoconductor drums 600Y, 600M.,
600C and 600K. After the development, the resulting color
toner 1mages are sequentially superposed and transierred
onto the transfer belt 605, which serves as an intermediate
transferred member.

The optical scanner has four 1lluminant units 610 for emait-
ting optical beams to form different color latent 1images cor-
responding to the individual photoconductor drums 600Y,
600M, 600C and 600K. Fach of the 1lluminant units 610 at
least includes a semiconductor laser 610a and a collimate lens
6105.

The optical beams from the four illuminant units 610 travel
to the polygon mirror 613, which serves as a detlecting part,
through a cylinder lens 612 and the writing start position
correcting part 611.

After the optical beams are detlected by the polygon mirror
613, the detlected optical beams reach to the individual pho-
toconductor drums 600Y, 600M, 600C and 600K through the
10 lens 614, the folding mirrors 615M and the toroidal lenses
620 so as to expose the photoconductor drums 600Y, 600M,
600C and 600K.

Each of the optical beams from the four i1lluminant units
610 travels to the corresponding photoconductor drum via the
optical scanning systems from the cylinder lens 612 to the
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toroidal lens 620. Here, the polygon mirror 613 1s directly
coupled to a (not illustrated) polygon motor and 1s rotation-
ally driven by the polygon motor.

The longitudinal axes of the photoconductor drums 600,
600M, 600C and 600K correspond to the main scanning
direction. The beam spot position detecting parts 625a and
625b are disposed to face each other at both sides of outside
areas out of an effective image area on the photoconductor
drums 600Y, 600M, 600C and 600K. The beam spot position
detecting parts 625a and 6255 detect a writing start position
and a writing end position, respectively.

In this embodiment, the optical scanner has at least one
wedge-shaped prism on an optical path of an optical beam
between the 1lluminant units 610 and the polygon mirror 613.

The writing position correcting part 611 shifts an optical
spot with respect to the sub-scanning direction by rotating the
wedge-shaped prism approximately on the optical axis of the
collimate lens 6105.

A description will now be given, with reference to FIG. 31,
ol a correction mechanism for correcting an optical spot with
respect to the sub-scanning direction by using a wedge-
shaped prism.

In FIG. 31, a wedge-shaped (trapezoidal ) prism 1 1s rotated
approximately on the optical axis O-O of the collimate lens
6105 as indicated by the arrow 3. Thereby, 1t 1s possible to
deflect an 1ncident optical beam within the maximum detlec-
tion angle ¢ as indicated by the arrow 4 and adjust the position
of the optical spot on a scanned surface with respect to the
sub-scanning direction.

When the wedge-shaped prism 1 1s rotated on the optical
axis O-0O of the collimate lens 6104 as 1llustrated in FI1G. 31,
it 1s possible to adjust the deflection angle of the incident
optical beam within the maximum detlection angle ¢ through
deflection. Here, the maximum deflection angle ¢ 1s repre-
sented by using, the following formula;

(I):(H—l)X[I (1):
where n1s arefractive index of the wedge-shaped prism 1 and
a. 15 an apex angle of the wedge-shaped prism 1. Also, an
amount of correction P for a scanning position on a photo-
conductor 1s represented by using the following formula;

P=fcxPxtan ¢pxsin y (2),
where Ic 15 a focal distance of the collimate lens 6106, and [
1s a lateral magnification of all optical systems with respect to
the sub-scanning direction. Here, 1t 1s preferable that the apex
angle a [deg] of the wedge-shaped prism 1 satisty the follow-
ing inequality;

0.1<Pxtan[(z-1)xc]<1.0 (3).

In the mequality (3), i1f the value of pxtan [(n—1)xc] 1s
above the upper bound 1.0, wavelront aberration arises in the
luminous flux. Thereby, the shape of the optical spot is
deformed (occurrence of a side lobe) or the diameter of the
optical spot increases. In contrast, 1f the value 1s below the
lower bound 0.1, the optical spot has insuilicient sensitivity.
Thereby, 1t 1s necessary to make the rotational angle greater so
as to adjust the writing start position. In this case, when
variations over time should be corrected, the wedge-shaped
prism 1 cannot respond immediately.

When the apex angle o of the wedge-shaped prism 1 1s
properly set, 1t 1s possible to realize the appropriate sensitiv-
ity. As a result, 1t 1s possible to prevent the excessive sensi-
tivity unlike galvanometer mirrors and reduce influences due
to vibration. Therefore, 1t 1s possible to position the optical
spot with high accuracy.
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In addition, the wedge-shaped prism 1 can be easily con-
trolled because the wedge-shaped prism 1 1s just rotationally
driven. Thus, 1t 1s possible to flexibly correct the position of an
optical spot during writing of 1mage data compared to posi-
tion correction for every batch at the start-up time of the
optical scanner or before printing operations.

A rotation adjusting part for the wedge-shaped prism 1 can
comprise a lead screw type actuator driven by a stepping
motor. In the lead screw type actuator, the wedge-shaped
prism 1 1s mounted 1n a prism holder 5 as 1illustrated 1n FIG.
32. The prism holder 5§ supports the wedge-shaped prism 1
such that the wedge-shaped prism 1 1s freely rotated on the
optical axis O-O of the collimate lens 6105. The prism holder
5 has an arm 5a.

As shown 1n FIG. 32, an extensible spring 6 1s provided
between an end of the upper surface of the arm Sa and a fixed
member so that the arm 3a 1s under pressure. Thereby, a
clockwise moment with respect to the optical axis O-O 1s
provided to the wedge-shaped prism 1 together with the prism

holder 5.

A receiving member 7, which 1s 1n contact with an end of
the lower surface of the arm 34, obstructs rotation of the prism
holder 5 including the wedge-shaped prism 1. As shown in
FIG. 32, the receiving member 7 has a fundamentally col-
umn-shaped body and 1s cone-shaped at the upper end with
respect to the axis direction as indicated by the arrow. The tip
ol the cone 1s 1n contact with the lower surface of the arm 5a.
This contact point 1s referred to as an action point P of the
actuator.

On the other hand, a nut 8 (or a female screw) 1s formed at
the side of the recetving member 7 opposite to the tip so as to
be coupled to the corresponding male screw integrally pro-
vided to the rotational axis of the stepping motor 9. This male
screw 1s referred to as the lead screw. The stepping motor 9 1s
coupled to the above-mentioned or another fixed member.

The above-mentioned rotating part 1s referred to as the lead
screw type actuator. The stepping motor 9 can rotate the prism
holder 5 together with the wedge-shaped prism 1 on the
optical axis O-O of the collimate lens 61054.

Since the lead screw type actuator 1s driven by the stepping
motor 9, 1t 1s possible to control the rotational angle of the
wedge-shaped prism 1 through a digital pulse signal applied
to the stepping motor 9. As a result, after an amount of
misalignment 1s computed by some computing part such as a
microcomputer, 1t 1s possible to easily the rotation of the
wedge-shaped prism 1 through feedback controls by provid-
ing an appropriate pulse signal.

The lead screw type actuator, which serves as the rotation
adjusting part for the wedge-shaped prism 1, can be installed
in the optical scanner as the writing starting position correct-
ing part 611.

A description will now be given of another correction
mechanism for correcting a color difference with respect to
the sub-scanning direction.

In the color image forming apparatus shown in FIG. 30 or
another color 1image forming apparatus described later with
reference to FIG. 35, a color difference can be corrected with
respect to the sub-scanning direction in such a way that the
positions of scanning lines, which are emitted from optical
scanning systems corresponding to individual colors, are
properly adjusted to make the color difference approximately
zero when individual color 1mages are superposed on an
intermediate transierred member.

When each of four optical beams corresponding to the four
colors 1s attempted to be placed at a predetermined position 1n
order to adjust the writing start position of the optical beam,
there 1s a risk that optical performance such as the diameter of
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the optical spot 1s degraded due to an erroneous increase in
rotational eccentricity. In addition, since more components
are required for the writing start position correcting part, the
fabrication cost 1s increased.

In order to eliminate this problem, the optical scanner
according to the present invention sets one of the four colors:
yellow (Y), magenta (M), cyan (C) and black (K) as a refer-
ence color and corrects the scanning positions of the other
color optical beams relative to the scanning position of the
reference color optical beam such that the scanning positions
ol the other color optical beams 1s approximately equal to the
scanning position of the reference color. On the other words,
an 1mage of high reproducibility, 1n a sense that hue vanations
are sulliciently suppressed, can be obtained through the cor-
rection of “relative color displacement™.

In this case, it 1s sullicient that wedge-shaped prisms 1 for
correcting writing start positions are prepared for three of the
scanning beams for the four colors Y, M, C and K. Conse-
quently, just three wedge-shaped prisms 1 should be provided
corresponding to the three scanning beams, and therefore just
three writing start position correcting parts 611 are required.

In the optical scanner in FIG. 30, the three writing start
position correcting parts 611 are installed for the three colors
other than the reference color. The writing start position cor-
recting part 611 for the reference color comprises a parallel
flat plate or no component, that 1s, air. The writing start
position correcting parts 611 for the other colors are formed
as units that integrally include a wedge-shaped prism 1 and
other components.

According to the above-mentioned optical scanner, since
less portions and less amounts are adjusted, it 1s possible to
casily correct arelative color difference even 1f scanming lines
for the other colors are greatly misaligned to that of the
reference color. In addition, 1t 1s possible to correct a color
difference less than one line. From experiences of the mven-
tors, 11 the relative color displacement 1s decreased below 30
wm, it 1s possible to obtain an 1mage whose color displace-
ment can be substantially 1gnored.

In the optical scanner according to the present invention,
black 1s set as the reference color. In general, arbitrary color
images can be formed of combinations of the three colors Y,
M and C. In order to improve sharpness of the color images
and enhance resolutions of character 1mages, however, 1t 1s
common that the optical scanner has a black process.

When the optical scanner adopts black as the reference
color, the optical scanner has the following advantages. Since
black has a higher contrast than the other colors, a black
portion of an 1mage 1s highly sensitive to variations of the
diameter and the position of an optical spot due to external
factors such as vibration and temperature changes. For this
reason, 1i black 1s set as the reference color, 1t 1s possible to
enhance the ngidity of optical components of the optical
scanning system for black and thereby realize the tolerant
optical scanning system to the external factors.

As mentioned above, since scanning lines for three of the
four colors should be adjusted, it 1s sufficient that three
wedge-shaped prisms 1 are prepared. In other words, 1t 1s
possible to obtain an 1mage of high color reproducibility 1n
which hue vanations are satisfactorily suppressed. In this
case, just three writing start position correcting parts 611
should be prepared, for example, for the optical scanner 1n
FIG. 30.

A description will now be given of an optical scanner
according to another embodiment of the present invention.

The optical scanner comprises at least one wedge-shaped
prism 1, a writing start position correcting part 611 and a
position difference detecting part. The wedge-shaped prism 1
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1s disposed 1n an optical path between the 1lluminant unit 610
and the polygon mirror 613. The writing start position cor-
recting part 611 rotates the wedge-shaped prism 1 approxi-
mately on the optical axis so as to make the position of an
optical spot changeable with respect to the sub-scanning
direction. The position difference detecting part detects rela-
tive sub-scanning directional differences between writing,
start positions on the photoconductor drums 600Y, 600M,
600C and 600K. Based on data regarding the differences
detected by the position difference detecting part, the optical
scanner 1s configured to feedback-control the writing start
position correcting part 610.

If the position difference detecting part has the configura-
tion as 1llustrated 1n FIG. 33, 1t 1s possible to use the position
difference detecting part together with the beam spot position
detecting part 625a for detecting the writing start positions or
the beam spot position detecting part 6255 for detecting the
writing end positions.

According to the above-mentioned optical scanner, it 1s
possible to effectively correct a diflerence between the writ-
ing start positions with respect to the sub-scanning direction
on a photoconductor drum due to variations over time. Here,
it 1s noted that a stepping motor, an ultrasonic motor or the like
can be used to adjust rotation of the wedge-shaped prism 1
through the feedback control, as mentioned with reference to
FIG. 32.

A description will now be given of an optical scanner
according to another embodiment of the present invention.

The optical scanner 1s configured to use the writing start
position correcting part 611 to perform the correction process
at least once since start time of a printing process based on
data regarding position differences detected by the position
difference detecting part.

According to the above-mentioned optical scanner, even 11
a significant color displacement occurs over time regardless
of proper adjustment of the optical scanner at shipment, it 1s
possible to properly correct the color displacement due to
periodical variations (places and seasons) over time because
the correction of position differences 1s performed at least
once before a printing process.

The position difference detecting part may be configured
from non-parallel PD (Photodiode) sensors as illustrated 1n
FIG. 33 or a beam spot position detecting part 625 using the
non-parallel PD sensor.

Alternatively, the following prevailing correction method
may be adopted. Specifically, before printing a first sheet, a
reference toner 1mage 631 1s formed on the transfer belt 605
to detect a color displacement. A color displacement detect-
ing sensor 630 1s used to detect an amount of the color dis-
placement. The color displacement detecting sensor 630 1s
formed of a reflection or transmission type sensor, which
includes LED (Light Emitting Diode) and momitors for light
intensity by means of a PD, and serves as the position differ-
ence detecting part installed 1n an 1mage forming apparatus.
Based on the detection, an amount of the correction 1s deter-
mined for a difference between writing start positions of the
individual photoconductor drums 600Y, 600M, 600C and
600K. Finally, the writing start position correcting part 611,
which serves as the rotation adjusting mechanism for the
wedge-shaped prism 1, recerves feedback.

A description will now be given of an optical scanner
according to another embodiment of the present invention.

As shown 1n FIG. 34, when a plurality of record sheets are
successively printed out (during the interval designated by the
notation B), heat 1s generated from the polygon mirror 613
and semiconductor laser 610a in the interior of the optical
scanner and drastic temperature variations occur between the

10

15

20

25

30

35

40

45

50

55

60

65

44

interval A of a start period and the interval B. In the exterior
of the optical scanner, on the other hand, drastic temperature
variations occur 1n the interior of the image forming apparatus
due to a heater for fusing toners. In this case, optical spots are
also variably positioned on photoconductor drums. For this
reason, there 1s a problem in that output color images have
greatly different hues depending on the number of output
sheets.

In the optical scanner according to this embodiment, tim-
ing of the feedback control 1s determined such that the cor-
rection 1s performed within a time 1nterval between printed
sheets. A control time 1nterval T , (between a time when an
instruction for correcting a position difference 1s provided
and a finish time of the control) 1s determined to satisiy the
following 1nequality;

1 <0.8x(D/V) (4),
where D 1s a distance between the sheets, and V 1s the linear
speed of a photoconductor drum (linear speed of an 1image
carrier).

If the wedge-shaped prism 1 1s rotated at a response speed
that meets the mequality (4), it 1s possible to form proper
color 1mages, each of which has a same hue as each other,
even during drastic temperature variations due to successive
printing.

However, 11 the control time mterval T , 1s above the upper
bound of the mnequality (4), it 1s impossible to perform the
correction during the successive printing. In this case, 1t 1s
necessary to temporarily halt the printing process 1n order to
correct scanning lines. As a result, although the tandem type
color image forming apparatus has an advantage of high-
speed printing, the tandem type color image forming appara-
tus cannot satisfactorily exert the advantage.

A description will now be given of an optical scanner
according to another embodiment of the present invention.

In the optical scanner, a detection time interval T . (between
a start time for correcting a position difference and a fimish
time of detection) 1s determined to satisty the following
inequality;

Tc<10x(L/V) (5),
where L 1s a length of a printed sheet with respect to the output
direction, and 'V 1s the linear speed ot a photoconductor drum.
The mequality (5) implies that when a position difference
between scanning lines 1s detected during printing at least five
sheets, hue variations 1s invisible to naked eyes even if drastic
temperature variations occur 1n the image forming apparatus.
However, 11 the detection time interval T 1s above the
upper bound of the mmequality (35), there 1s a risk that the
resulting hue 1s problematic. Here, 1t 1s noted that the detec-
tion time mterval T . includes a computation time for comput-
ing the correction amount for the position difference. The
computation time 1s a time interval required to perform an
averaging process for the purpose of noise reduction, improve
the accuracy for position detection such as processing of an
abnormal value and compute the correction amount to be
supplied to the scanning line correcting part for feedback.
A description will now be given of an optical scanner
according to another embodiment of the present invention.
In this optical scanner, the position difference detecting
part detects the position of an optical spot by using non-
parallel PD sensors disposed out of an effective writing area
of the optical scanner with respect to the main scanning
direction.
As shown 1 FIG. 33, the receving surface of the photo-
diode PD1 (PD1") 1s orthogonal to a scanning beam, and the
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receiving surface of the photodiode PD2 (PD2') 1s inclined to
that of PD1 (PD1"). This slope angle 1s designated by al.
Also, the scanning beam 1s referred to as L1 and 1.2 before and
alter a temperature vanation due to a heater, respectively.
Here, 1t 1s assumed that a position difference AZ (unknown)
arises with respect to the sub-scanming direction. Here, pas-
sage times T1 and T2 of the respective scanning beams .1 and
L2 between a pair of non-parallel photodiodes, for example,
between PD1 and PD2 (or PD1'and PD2") 1s measured. Based
on the results, a time difference T2-T1 1s found, and then the
sub-scanning directional scanning position (the writing start
position) of the scanning beam 1s monitored for and detected.

It 1s possible to easily calculate a difference between dot
positions with respect to the sub-scanning direction (=the
sub-scanning directional correction amount AZ) from the
slope angle al between the receiving surfaces of PD1 and
PD2 and the known time difference T2-T1. The optical scan-
ner 1s configured to correct the correction amount AZ by using,
the writing start position correcting part 611.

According to the above-mentioned optical scanner, when a
plurality of record sheets are successively printed out, 1t 1s
possible to correct optical spots on photoconductor drums
during writing of the images even if the optical spots are
variably positioned on the photoconductor drums due to tem-
perature variations.

Here, magnification vanations with respect to the main
scanning direction may be monitored for by detecting varia-
tions of a time 1nterval TO required for the scanning beam to
pass between the photodiodes PD1' and PD1.

A description will now be given of a tandem type color

image forming apparatus according to an embodiment of the
present invention.

As shown in FIG. 34, when a plurality of image sheets are
successively printed out, heat 1s generated from a polygon
motor (not 1llustrated) for driving the polygon mirror 613 and
semiconductor lasers (1lluminants) 610a in the optical scan-
ner in the image forming apparatus. In the exterior of the
optical scanner, on the other hand, drastic temperature varia-
tions of the interior of the image forming apparatus occur
when a heater, which serves as a fusing part, fuses toners. In
this case, optical spots are also varniably positioned on photo-
conductor drums, resulting 1n the problem that output color
images have hues more different from each other as the num-
ber of the output color images increases.

The tandem type color image forming apparatus according,
to this embodiment 1s configured to have an optical scanner
that comprises the position difference detecting part, at least
one wedge-shaped prism and a writing start position correct-
ing part 611 so as to adjust the positions of optical spots on
photoconductor drums during writing of images. The position
difference detecting part, which also serves as a beam spot
position detecting part, detects position differences between
scanning beams on the individual photoconductor drums
600Y, 600M 600C and 600K, as 1illustrated 1in FIG. 30. The
wedge-shaped prism 1s disposed 1in an optical path between an
illuminant and a deflecting part. The writing start position
correcting part 611 rotates the wedge-shaped prism approxi-
mately on the optical axis so as to shiit the position of the
beam spot with respect to the sub-scanning direction. Based
on the detected position differences measured by the position
difference detecting part, the optical scanner can control the
positions of optical spots on the photoconductor drums dur-
ing writing of the images.

The exemplary color image forming apparatus that has the
optical scanner according to the present invention has been
described with reference to FIG. 30. In the following, a tan-

10

15

20

25

30

35

40

45

50

55

60

65

46

dem type color image forming apparatus according to another
embodiment of the present invention 1s described with refer-
ence to F1G. 33.

FIG. 35 roughly shows the structure of the tandem type
color image forming apparatus. Referring to FI1G. 35, 1n this
tandem type color image forming apparatus, an optical scan-
ner exposes a plurality of photoconductor drums (1mage car-
riers) 7007, 700M, 700C and 700K so as to form electrostatic
latent 1mages. After the electrostatic latent images are devel-
oped, the resulting visible images on the individual photo-
conductor drums 700Y, 700M, 700C and 700K are super-
posed and transferred onto a transier belt 710. Then, the
images on the transier belt 710 are entirely transferred onto a
sheet-shaped medium (record paper) so as to obtain a color
1mage.

In FIG. 35, the transier belt 710 serves as an intermediate
transier belt for carrying a transierred paper (not i1llustrated)
from a paper cassette 720. The transier belt 710 1s horizon-
tally disposed at the inner-lower side of the image forming
apparatus. From the upstream of the carrying direction of the
transfer belt 710, the yellow photoconductor 700Y, the
magenta photoconductor 700M, the cyan photoconductor
700C and the black photoconductor 700K, in the order, are
arranged to have an equal interval between adjacent photo-
conductor drums.

In the following, suffixes Y, M, C and K may be attached to
reference numerals corresponding to the four colors: yellow,
magenta, cyan and black, respectively. All the photoconduc-
tor drums 700Y, 700M, 700C and 700K are formed to have a
same diameter, and various processing members for forming
a color image are provided in accordance with an electropho-
tographing process.

For instance, the photoconductor 700Y 1s focused herein-
alter. In the vicinity of the photoconductor drum 700Y, an
clectritying charger 701Y, an optical scanning image forming
system 702Y, a developing device 703Y, a transierring
charger 704Y and a cleaning device 705Y are disposed. The
clectritying charger 701Y serves as an electrifying part. The
developing device 703Y serves as a developing part. The
transterring charger 704Y serves as a transierring part. The
cleaning device 705Y serves as a cleaning means. In the
vicinity of each of the other photoconductor drums 700M,
700C and 700K, the corresponding parts are provided simi-
larly to the photoconductor drum 700Y. In this tandem type
color image forming apparatus, the photoconductor drums
7007, 700M, 700C and 700K are exposed 1n accordance with
individual settings. A plurality of optical scanning image
forming systems 702Y, 702M, 702C and 702K are provided
corresponding to the photoconductor drums 700Y, 700M,
700C and 700K, respectively.

In the vicinity of the transfer belt 710, a pair of resist rollers
721, and a charger 722, which serves as a belt electrifying
part, are disposed in the upstream side of the carrying direc-
tion of the transfer belt 710 as indicated by the arrow 1n FIG.
35. On the other hand, a belt detaching charger 723, a de-
clectrifying charger 724 and a cleaning device 725 are pro-
vided at the downstream side of the carrying direction of the
transier belt 710. Furthermore, a fusing device 726, which
serves as q fusing part, 1s provided in the downstream side of
the carrying direction from the belt detaching charger 723.
The fusing device 726 1s coupled to an output tray 728 via a
pair of output rollers 727. In the above description, the suifix
Y 1s omitted for simplicity.

In such a configuration, for example, when a full-color
mode (multi-color mode) 1s selected, electrostatic latent
images are formed on the photoconductors 700Y, 700M,
700C and 700K by optical beams from the individual scan-
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ning image forming optical systems based on 1image signals
for individual colors: Y, M, C and K.

These electrostatic latent images are developed by the indi-
vidual developing apparatuses for the color toners so as to
form toner 1mages. The toner images are sequentially trans-
terred and superposed onto a transferred paper that are elec-
trostatically absorbed on the transier belt 710 to be carried.
Then, the resulting paper 1s fused as a full-color 1image and 1s
supplied to the output trey 728.

On the other hand, when a monochrome mode (single-
color mode) 1s selected, the photoconductors 700Y, 700M
and 700C and associated processing members are made 1nac-
tivated, an electrostatic latent 1mage 1s formed on only the
photoconductor 700K by an optical beam from the scanning,
image forming optical system 702K based on an 1mage signal
for black. This electrostatic latent 1mage 1s developed by
black toners so as to form a toner image. The toner 1mage 1s
transierred onto a transferred paper that 1s electrostatically
absorbed to be carried. The resulting paper 1s fused as a

monochrome 1mage and 1s supplied to the output trey 278.
Here, two 10 lenses 735M1 and 735M2 are fixed to a plate

745M 1n an optical housing 750. The 10 lenses 735M1 and
735M2 are fully or partially in contact with the corresponding
surface of the plate 745M. The 10 lenses 735M1 and 735M2
are formed of a reasonable plastic material that can be
aspherically-shaped with ease. Specifically, a synthetic resin
1s preferably used because of 1ts low water absorbing prop-
erty, high transparency and good formability. In this embodi-
ment, the polygon mirror comprises an upper mirror 730U
and a lower mirror 730D.

This color image forming apparatus has the above-men-
tioned optical scanner 1n the optical housing 750. Although
not 1llustrated 1 FIG. 35, the color displacement detecting,
sensor 330 as illustrated i FIG. 30 may be used as the
position difference detecting part.

While a large number of color images are successively
printed out, rapid temperature variations are caused, espe-
cially, by heat of a polygon motor in the optical scanner. For
this reason, if a first printed color 1mage 1s compared to
another color image that 1s printed out after several sheets
have been printed out, there arises a problem that variations
on color tone can be observed. If the optical scanner includes
a wedge-shaped prism between the detlecting part and the
scanned surface to be exposed, it 1s possible to not only
correct differences of scanning positions and set the scanning
position with high accuracy. In this case, furthermore, even 1
the temperature 1s rapidly varied, especially, due to succes-
s1ve printing, 1t 1s possible to obtain a satisfactory color image
with little color displacement. Additionally, the above-men-
tioned optical scanners according to the embodiments of the
present invention have their own merits.

A description will now be given of an optical scanner
according to one embodiment of the present invention.

In the above-mentioned optical scanner 1n FIG. 30, a posi-
tion difference between optical spots on the photoconductor
drums 600Y, 600M, 600C and 600K can be corrected with
respect to the sub-scanning direction based on position dii-
ference data that have been recorded 1n advance or position
difference data that are detected by the position difference
detecting part. This correction 1s conducted by the writing
start position correcting part.

When the wedge-shaped prism 1s used 1n the writing start
position correcting part, the optical scanner has the following,
advantages. The rotation of the wedge-shaped prism 1 can be
casily controlled. Thus, it 1s possible to correct the positions
of optical spots even during writing of 1mage data relative to
batch-based position correction that 1s performed intensively
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at starting-up time of the image forming apparatus or imme-
diately before printing out. Even when the temperature 1s
drastically varied during the starting-up interval A and the
successive printing interval B as shown 1n FIG. 34 or a posi-
tion difference occurs due to the unsteady speed of an inter-
mediate transterring member and a photoconductor drum, the
position difference can be eliminated in real-time based on
data regarding position diflerences obtained by the position
difference detecting part. Therefore, 1t 1s possible to effec-
tively suppress occurrence of the position difference.

In FIG. 31, 11 the angle a of the wedge-shaped prism 1 1s
appropriately set, 1t 1s possible to realize appropriate sensi-
tivity. Thus, it 1s possible to set the positions of optical spots
with high accuracy without too-high sensitivity as a galva-
nometer mirror or influences due to vibration.

When a material and a shape of the wedge-shaped prism 1
and the prism holder 2 1s appropnately selected, for example,
the wedge-shaped prism 1 and the prism holder 2 are formed
of a resin and have thin bodies, it 1s possible to decrease the
weights thereof. For this reason, the high response speed of
the wedge-shaped prism 1 makes 1t possible to correct a
position difference at a higher frequency than conventional
correction methods 1n which the positions of optical spots are
corrected by tilting/shifting relatively heavy optical elements
such as a long folding mirror, a scanning lens, a roof mirror
and an 1lluminant unat.

When the wedge-shaped prism 1 1s used to correct the
positions of optical beams, 1t 1s possible to maintain appro-
priate positions of optical spots even at power OFF compared
to conventional correction methods 1n which the positions of
optical spots are corrected by adjusting a voltage applied to a
liquid crystal element and an electric optical element such as
PLZT. Furthermore, it 1s possible to implement the above-
mentioned correction at a reasonable cost.

From mventors’ experience, when an amount of displace-
ment between colors 1s less than or equal to 30 um, 1t 1s
possible to achieve a condition 1n which color displacement 1s
almost never noticeable in practice. According to the above-
mentioned embodiment, 1t 1s possible to realize such a con-
dition.

A description will now be given of an optical scanner
according to another embodiment of the present invention.

When the wedge-shaped prism 1 1s rotated on the optical
axis O-0O of the collimate lens 6104 as 1llustrated in FI1G. 30,
it 1s possible to make the deflection angle variable within the
maximum deflection angle ¢. Here, the maximum deflection
angle ¢ can be represented by the following formula (6);

p=(n-1)xa (6),
where n1s arefractive index of the wedge-shaped prism 1 and
. 1s an apex angle of the wedge-shaped prism 1.

Also, the correction amount AZ with respect to the sub-
scanning direction on a photoconductor 1s represented by the
tollowing formula (7);

AZ=Ay|mxfex(n-1)xal (7),
where Ay 1s an adjusted angle of the wedge-shaped prism 1 on
the optical axis O-0, m 1s a sub-scanming directional lateral
magnification of all optical systems between an illuminant
and a scanned surface, and {c 1s a focal distance of the colli-
mate lens 6105.

In the optical scanner according to this embodiment, a
misalignment of an beam spot 1s corrected by setting the apex
angle o [deg] of the wedge-shaped prism 1 to satisiy the
tollowing mequality (8);

1 <|lmxfex(rn—1)x0l<30

(8).
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If the value of Imxicx(n—-1)xcl 1s above the upper bound of
the inequality (8), the optical spot 1s irregularly shaped (gen-
cration of a side lobe) or the diameter of the optical spot
increases due to wavelront aberration of the luminous flux. In
contrast, 1f the absolute value 1s below the lower bound of the
inequality (8), 1t 1s necessary to make the rotation angle
greater 1n order to improve insuificient sensitivity and adjust
the writing start position. As a result, it becomes difficult to
realize a high-speed response when variations over time are to
be corrected.

Therefore, 11 the inequality (8) 1s met, 1t 1s possible to
climinate the above-mentioned problems, that 1s, enlarge-
ment of a beam spot diameter, insuilicient sensitivity to the
correction, a large rotation angle for adjusting the writing
start position, and an insufficient response speed to correction
for variations over time. Here, the rotation of the wedge-
shaped prism 1 can be easily controlled by using a stepping
motor or an ultrasonic motor as the drive source.

A description will now be given of an 1mage forming
apparatus according to another embodiment of the present
invention.

Although an intermediate transierred body 1s configured as
the transfer belt 605 1n the 1image forming apparatus illus-
trated 1n FI1G. 30, the intermediate transierred body may be
drum-shaped. FIG. 36 A shows a variation of the position of
an optical spot with respect to the sub-scanning direction on
such a drum-shaped intermediate transierred body and a
variation of the position of an optical spot with respect to the
sub-scanning direction on a belt-shaped intermediate trans-

terred body.

As seen from FIG. 36A, the difference AZ of optical spot
positions with respect to the sub-scanning direction, that 1s,
the sub-scanning directional correction amount as previously
mentioned, 1s periodically caused on the intermediate trans-
terred bodies. In FIG. 36A, one period corresponds to a time
interval T necessary for one rotation of the intermediate
transferred bodies. In an intermediate transferred body 1s
formed as a belt-shaped or drum-shaped rotational body, the
time interval T 1s represented by the following formula;

Lo/

9),

where L 1s a length of one rotation of the intermediate
transterred body, and v_ 1s a linear velocity of the intermedi-
ate transierred body.

It 1s preferable that the time iterval T, satisty the follow-
ing inequality;

0.5<T (=L /v, )<5[sec] (10).

In the mequality (10), 1f the time interval T, 1s above the
upper bound, the intermediate transferred body 1s highly sen-
sitive to exogenous factors such as vibration because of a too
large length of one period. In contrast, 11 the time mnterval T,
1s below the lower bound, the wedge-shaped prism 1 cannot
tollow a high response speed necessary for the position cor-
rection for an otpical spot. Therefore, when the time interval
T satisfies the mnequality (10), 1t 1s possible to eliminate the
above-mentioned problems on the intermediate transferred
body, that 1s, less sensitivity to exogenous factors such as
vibration, and follow-up capability toward the position cor-
rection for an optical spot.

FIG. 36B shows a position difference of the position of an
optical spot with respect to the sub-scanning direction after
the optical spot position 1s corrected. When the misalignment
of an optical spot position on the mtermediate transierred
body 1s corrected by adjusting the optical spot position, 1t 1s
possible to properly correct a low-frequency component of
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the misalignment. According to the correction, however, 1t 1s
impossible to correct an extremely high-frequency compo-
nent of the misalignment.

A description will now be given of an optical scanner
according to one embodiment of the present invention.

In the above-mentioned writing start position correcting
part in FIG. 31, a shift amount Ax of the linear actuator (=a
displacement amount of a nut=a displacement amount of an
action point P) 1s represented by the following formula;

Ax=Rxtan(Ay) (11),
where R 1s a distance between the rotational center and the
action point of the actuator, and Ay 1s a rotational angle of the
wedge-shaped prism 1.

On the other hand, the time interval T necessary for one
rotation of the intermediate transterred body 1s represented,
as mentioned previously, by the formula (9);

I =L N, [sec].

Thus, a drive frequency N per unit time of the stepping
motor required to control the sub-scanning directional cor-
rection amount AZ on a photoconductor 1s represented by the
following formula;

N=Ax/pxNy/T., (12),
where p 1s a screw pitch of the lead screw, and N, 1s the
number of pulses per one rotation of the stepping motor.

When the stepping motor satisiies the following inequality;

10<N<2000[pps] (13),

it 1s possible to properly reduce color displacement.

In the inequality (13), 11 N 1s above the upper bound (2000
[pps] or preferably 1000 [pps]), the stepping motor cannot
respond and the correction for misalignment of a beam spot
cannot be followed. In contrast, 1IN 1s below the lower bound,
the position of a beam spot cannot be corrected with 1nsuifi-
cient accuracy because of rough resolution.

On the other hand, a torque (rotational moment) T of the
stepping motor 1s represented by the following formula;

= —
xR’

where T, 1s a torque generated by tension of the spring, p 1s a
screw pitch of the lead screw, and R 1s a distance between the
rotational center and the action point.

The maximum number N___ of response pulses of the
stepping motor 1s obtained from a pull-in drive frequency
toward the torque T with reference to the characteristic dia-
gram of the stepping motor as 1llustrated 1n FIG. 37.

Thus, the number of pulses N, represented by the formula
(12), per unit time required to control the sub-scanning direc-
tional correction amount AZ on a photoconductor needs to

satisiy the following inequality;

N<N

FHaX

(15).

A description will now be given of an optical scanner
according to another embodiment of the present invention.

As shown 1n FIG. 15, the optical scanner includes a mis-
alignment detecting part, at least one wedge-shaped prism 1
and a writing starting position correcting part 140. The mis-
alignment detecting part, which also serves as a beam spot
position detecting part, detects a position difference with
respect to the sub-scanning direction between scanning
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beams on the individual photoconductors 160Y, 160M, 160C
and 160K. The writing starting position correcting part 140,
adjusts positions of the beam spots with respect to the sub-
scanning direction by rotating the wedge-shaped prism 1
approximately on the optical axis. Based on misalignment
data measured by the misalignment detecting part, the posi-
tions of the beam spots on the photoconductors are controlled
during writing of 1image data.

The position difference detecting part detects a position of
a beam spot by using a non-parallel photo diode sensor (PD)
provided out of a written area with respect to the main scan-
ning direction of the optical scanner. It 1s preferable that the
non-parallel photo diode sensor be provided out of an effec-
tive writing area of a scanning beam for each of the photo-
conductors 160Y, 160M, 160C and 160K, for example, as the
beam spot position detecting parts 300a and 3005 1n FIG. 15.
At this time, the misalignment detecting part may also detect
a synchronizing signal for determining the writing starting
position with respect to the main scanning direction. In this
embodiment, the misalignment detecting part detects the syn-
chronizing signal for determining the writing starting posi-
tion.

In the position difference detecting part, which 1s 1mple-
mented as the beam spot position detecting parts 6235a and

625b, a detection time 1nterval T . for the scanning beams L1
and L.2 by the non-parallel photo diodes PD1 and PD2, that s,

the time 1nterval between the starting time and the finishing,
time of the misalignment detection, 1s characterized in that
the detection time interval T satisties the following inequal-
Ity

Ts<10x(L,/V,) (16),
where L 1s a length ot a recorded paper with respect to the
output direction (the shift direction of the transier belt 6035

indicated by the arrow 1n FI1G. 30), and V  1s a linear velocity
of a photoconductor.

The inequality (16) implies that even if drastic temperature
variations occur, it 1s possible to make color tone variations
invisible to the naked eyes by detecting misalignment of a
scanning line while at least five sheets are being printed out.
If the detection time interval 1. 1s above the upper bound,
there 1s a risk that a problematic color tone may be generated.

Here, the detection time interval T . includes a time interval
for computing a correction amount of misalignment. This
computation includes a computation time during which a
correction amount for feedback to the scanming line correct-
ing part 1s computed so as to improve accuracy for misalign-
ment detection such as averaging and abnormal value pro-
cessing for the purpose of noise reduction.

A description will now be given of exemplary numerals
according to the present invention.

(1) Condition

Performance of optical systems
m=9.4, fc=15 [mm]

Wedge-shaped prism
a=2°, n=1.51 (BK7)

Lead screw type actuator
T,=25%107° [Nm], p=0.3 [mm], R=16 [mm],
N,=20 [pulse/one rotation]

Intermediate transierred body
L =500 [mm], v_ =250 [mm/s]

(2) Example of computation

|mxfex(n—1)xal=19.4x15x%(1.51-1)x(2°/180°x)

=2.5, which satisfies the inequality (8).
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AZ

= X fex 1= D xal =0.2/25=02(=11),

Ay

Ax=Rxtan(Ay)=16xtan(0.2)=3.2 [mm], and 7,,=L,,/
v, =2 [sec], resulting in N=Ax/pxNyT =3.2/0.3%

20/2=106 [pps], which satisfies the mequality (13).

Y,

= 5 = 25x 1077 x0.3/(2nx 16) = 7.46 x 107> [Nm],

which mmplies that a stepping motor that satisfies the
inequality N >N 1s used for N 1n the motor char-
acteristic diagram similar to FIG. 37.

The present invention 1s not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention.

The present application 1s based on Japanese priority appli-
cations No. 2002-193652 filed Jul. 2, 2002, No. 2002-276311
filed Sep. 20, 2002, No. 2002-274073 filed Sep. 19, 2002, and
No. 2002-274075 filed Sep. 19, 2002, the entire contents of
which are hereby incorporated by reference.

What 1s claimed 1s:

1. An optical scanner for scanning an 1mage carrier com-
prising:

an 1lluminant part emitting an optical beam:;

a deflecting part deflecting the optical beam:;

an 1mage forming part focusing the deflected optical beam

on the 1image carrier; and

an optical axis adjustment part adjusting an optical axis of

the optical beam with respect to a sub-scanning direction
during an 1mage writing operation of image data,

the optical axis adjustment part comprising a prism for

adjustment of a scanning position or a beam spot posi-
tion of the optical beam on the image carrier with respect
to a sub-scanning direction during the writing of 1image
data by rotating the prism on an optical axis of the optical
beam to deflect the mmcoming optical beam within a
maximum deflection angle @, the maximum detlection
angle ® being defined 1n a formula ®=(n-1)xc. in which
n 1s a refractive index of the prism and o 1s an apex angle
of the prism, and the apex angle a of the prism satisfies:

0.1<Pxtan|(r—1)xa]<1.0

in which 3 1s a lateral magnification of all optical systems
with respect to the sub-scanning direction, to compensate for
misalignment of the scanning position or beam spot position
due to fluctuation 1n rotation of the image carrier.

2. The optical scanner as claimed in claim 1, wherein the
optical axis adjustment part further adjusts a writing start
position on the 1image carrier.

3. The optical scanner as claimed 1n claim 2, turther com-
prising;:

a beam position detection part detecting a beam position of

the optical beam.

4. The optical scanner as claimed 1n claim 3, further com-
prising:

a housing integrally accommodating the illuminant part,
the deflecting part, the 1image forming part, the optical
ax1s adjustment part, and the beam position detection
part.

5. The optical scanner as claimed in claim 4, wherein the

beam position detected by the beam position detection part 1s
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allowed to conduct free expansion relative to a location of the
beam position detection part within the housing.

6. The optical scanner as claimed in claim 1, further com-
prising a rotation adjusting mechanism configured to adjust a
rotational angle of the prism based on a detected amount of
the misalignment of the scanning position beam spot position.

7. An 1mage forming apparatus, comprising:

a plurality of 1image carriers; and

an optical scanner scanning the plurality of image carriers,

the optical scanner comprising: an 1lluminant part emit-
ting one or more optical beams; a deflecting part deflect-
ing the optical beams; an 1image forming part focusing
the deflected optical beams on the plurality of 1image
carriers; and an optical axis adjustment part comprising
a prism for adjustment of scanning positions or beam
spot positions of the optical beams on the plurality of
image carriers with respect to a sub-scanning direction
during an 1mage writing operation by rotating the prism
on optical axes of the optical beams to detlect the incom-
ing optical beam within a maximum deflection angle ®@,
the maximum deflection angle ® being defined in a
formula ®=(n-1)xc 1n which n 1s a refractive index of
the prism and ¢ 1s an apex angle of the prism, and the
apex angle o of the prism satisfies:

0.1<Pxtan[(z-1)xc]<1.0

in which 3 1s a lateral magnification of all optical systems
with respect to the sub-scanning direction, to compensate for
misalignment of the scanming positions or beam spot posi-
tions due to fluctuation 1n rotation of the 1image carriers.

8. The image forming apparatus as claimed 1n claim 7,
wherein the optical axis adjustment part further adjusts writ-
ing start positions on the plurality of 1mage carriers.
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9. The image forming apparatus as claimed in claim 8,
further comprising:

a resist difference detection part detecting a resist differ-
ence between writing start positions on the plurality of
1mage carriers.

10. The image forming apparatus as claimed 1n claim 9,
wherein the optical axis adjustment part adjusts the writing
start positions on the plurality of image carriers based on the
resist difference detected by the resist difference detection
part.

11. The image forming apparatus as claimed 1n claim 9,
wherein a distance between an 1mage transierred position
onto a transferred member of the 1mage forming apparatus
and a resist position detected by the resist difference detection
part 1s set to be an approximately mteger multiple of a cir-
cumierential length of a driving roller for driving the trans-
terred member.

12. The image forming apparatus as claimed 1n claim 8,
further comprising:

a beam spot position detection part detecting beam spot

positions on the plurality of 1image carriers.

13. The image forming apparatus as claimed in claim 12,
wherein the optical axis adjustment part adjusts scanning
positions on the plurality of image carriers based on mis-
placement of the beam spot positions detected by the beam
spot position detection part.

14. The image forming apparatus as claimed 1n claim 7,
further comprising a rotation adjusting mechanism config-
ured to adjust a rotational angle of the prism based on a
detected amount of the misalignment of the scanning position
beam spot position.
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